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N the debate in the House of Lords on December 7 

on higher technological education, Lord Salisbury 
repeated the statement on Government, policy already 
made in the House of Commons earlier that day. 
The debate arose out of a motion of Lord Glyn in 
regard to the somewhat disappointing memorandum 
on that subject drawn up by a sub-committee of 
the Parliamentary and Scientific Committee, of which 
Lord Glyn was chairman. Lord Salisbury accepted 
the main argument of the Committee as to the 
seriousness and urgency of the situation, and the 
importance of dealing with the shortage of science 
teachers and creating a satisfactory climate of 
opinion in Great Britain in relation to science and 
technology in order to secure an adequate number 
of scientists and technologists. Lord Salisbury dis- 
missed, however, as unnecessary the suggestion that 
any further inquiry should be made into the number 
of technologists required to meet the needs of various 
departments of the national life of Britain. He 


" accepted it as sufficient that we are nowhere near 


saturation point at present, and in this view he had 
the support of most other speakers, including Lord 
Baillieu, Lord Glyn, Lord Falmouth, Lord Waverley 
and Lord Cherwell. 

Lord Salisbury, in referring to school leavers, 
corrected one statement in the memorandum under 
discussion. Of the 8,000 State scholars, he pointed 
out, some 5,000, and not 600, are studying science, 
and many of these would no doubt become tech- 
nologists. But while he recognized that steps should 
be taken to see that a good proportion of the best 
brains are attracted to science, he deprecated the 
Parliamentary and Scientific Committee’s reference 
to the abandonment of “‘the arbitrary dictum of the 
Barlow Committee that the numbers of arts students 
at the universities should be doubled as well as the 
numbers of science students”. There was no such 
dictum, Lord Salisbury said, nor did he think that 
it was helpful to consider this question of balance on 
a basis of percentages. It might indeed be observed 
that, in much of the discussion of technological 
education and of science and the humanities which 
has marked the educational conferences of the New 
Year, there has been indifference to first principles. 
Mark Pattison’s discussion of the functions of higher 
education and of the university, of the importance 
and value of close interaction between university and 
society, of the proper subject of university studies, 
of liberal education and mental breadth has a 
strangely modern ring. The argument by which he 
supports his view that the products of a university 
are not inventions, improvements, discoveries, novel 
speculations or even books, but the fully educated 
man, goes closer to the root of the matter than many 
modern controversialists. The first part at least of 
his “Oxford Studies” is worth reading to-day for the 
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light it throws on the conditions under which alone 
higher education in a university can be efficient. 

Lord Salisbury, after a tribute to what the 
University Grants Committee had already done to 
increase the number of university students of science 
and technology since the War, stated specifically 
that, as already implied in Mr. Boyd-Carpenter’s 
statement a year ago, the Government does not 
intend to pursue the idea of a new technological 
university but to build up and develop a number of 
existing institutions where science and technology 
already flourish and sometimes predominate. More- 
over, Lord Salisbury laid some stress on the value of 
the closer connexion between science and technology 
which might result from the expansion of techno- 
logical education in association with that of the 
universities. The statement which was read in both 
Houses of Parliament, for example, suggested that 
students of a particular technology should work 
closely with students of fundamental science and of 
its application in other fields. Lord Salisbury himself 
seemed to favour the close association of higher 
technological education with other university studies, 
partly at least as a means of increasing the prestige 
and status of technology. The complaint was again 
voiced in the debate that technology, and even 
science, do not yet receive the prestige and status in 
comparison with the arts that they should, either on 
their intrinsic merits or from the point of view of the 
national interest, to ensure that a sufficient pro- 
portion of the nation’s ablest intelligence is to be 
induced to follow careers in science and technology. 
Some encouragement may well be desirable and even 
necessary, and particularly efforts such as the 
Federation of British Industries has been making of 
late to indicate more clearly and precisely to the 
schools the opportunities which a career in industry 
can offer to the graduate in science or technology 
and its intrinsic satisfactions as well as material 
rewards. 

There is, however, a danger here that the claims 
of science as against the humanities may be pressed 
too hard. The function of the university is to produce 
educated men and women, capable of independent 
thinking, of sound judgment and wide vision; and the 
needs of the community will not be served if the 
conception of the university as a place of vocational 
training is too narrow, no matter what that vocation 
may be, whether in the arts, in science or in tech- 
nology. In terms of modern life, the community is 
as ill-served by a Civil servant or administrator 
ignorant of science and unable to assess the sig- 
nificance of scientific or technical factors in a 
situation with which he is confronted, as it is by the 
technologist or scientist who is incapable of taking a 
balanced view and making allowance for the human 
values and other considerations which sbould 
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influence the decision even on problems essentially 
scientific and technical. 

This needs to be remembered, for it is the capacity 
for independent thought, for judgment and for 
vision that is important : the medium by which that 
capacity is developed is largely irrelevant. It can be 
developed as readily by a scientific and technological 
education as by one in the humanities ; but it does 
not follow that it will be so developed. What matters 
is not so much the medium as the character of the 
training ; and the prestige of the humanities in this 
respect is not so much due to their field as such— 
though they have certain inherent advantages—as to 
the way in which in certain schools they have been 
taught. 

Lord Salisbury’s remarks are not entirely free from 
danger in this respect, particularly if his statement 
that the Government has rejected the idea of a tech- 
nological university should be misconstrued. The 
Government has declined to found and experiment 
with an entirely new institution; but when the pro- 
gramme it has announced for the expansion of the 
Imperial College of Science and Technology is com- 
plete, in size of teaching and research staff, in its range 
of buildings and equipment, the College will clearly be 
a technological institution of the first rank. More- 
over, at the Imperial College real efforts have been 
made during recent years to encourage breadth of view 
and contacts between different faculties and studies, 
though there has been some argument as to whether 
the influence of humanities is anything like as strong 
as in the great technological institutions on the 
Continent and in the United States. 

It would be unfortunate, however, if the argument 
as to whether or not students of technology in 
universities in Britain get a broader education than 
those studying in a foreign institute of technology 
distracted attention from the importance of giving 
fresh attention to the question not only of how 
best the sciences and the arts as well as technology 
can be used as mediums of education for under- 
standing the world in which we live, but also 
of assisting intercourse and discussion between 
students of different disciplines and faculties. Unless 
attention is directed specifically to such questions, 
there is danger that the expansion of technological 
education within the universities—at the Imperial 
College of Science and Technology, at Glasgow, at 
Manchester and elsewhere—may lead to segregation 
rather than to the intercourse and the sharpening of 
minds. Probably here, as the Government statement 
indicates, the influence of industry could be beneficial. 
“The problems of industry are problems of human 
relations, as well as of science, and in training for 
industry the humanities have an important part to 
play”. Comments made by industrialists at con- 
ferences on industry and the universities suggest that 
the influence of the universities in this respect may 
be as important as the financial support recently 
given in the Universities of Durham, Edinburgh, 
Nottingham and Wales to which the Government 
statement referred. 

Lord Salisbury, however, indicated that the 
Government is also proposing to develop higher 
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technological education to some extent in the colleges 


of technology as well as in the universities of Britain; © 
but here he was not altogether precise in his dig. © 
tinction between technological and technical educa. — 
tion. Referring to the proposal to develop ultimately — 
some thirty major technical colleges into advanced ~ 
regional colleges, he agreed that it is desirable to © 
segregate the lower-grade work as soon as possible — 
from the more advanced work, so as to leave the © 
selected colleges with more freedom to provide — 


advanced technology and to conduct applied research, 


technological education within the same institutions, 
and he dismissed as unjustified the claim for academic 
independence for the selected colleges of technology, 
Sir David Eccles’s subsequent proposal that the 
Salford Royal Technical College should concentrate 


years of age and cease to take students under that 


age suggests that the Minister of Education has at 
least misgivings on the former point. 


that the Government has rejected the proposal of 


the Committee to establish a few such selected royal © 


chartered colleges of technology ; but, apart from 
the failure to discriminate, where the technical 
colleges are concerned, between technical and tech- 
nological education, his statement, taken with that 
of Sir David Eccles on December 14, leaves a distinct 
impression that the Government’s policy may spread 
available resources too thinly where technological 
education is concerned. That Great Britain can 
afford the resources to develop more than half a 
dozen institutions on a scale which will ensure 4 
broad enough training in really well-equipped 
institutions may be doubted, no matter how generous 


Indeed, it is to be questioned whether the necessary 
teaching and research staff for half a dozen institu- 


for the twenty-four technical colleges in which 


courses in advanced technology have already been ~ 


approved for an increased grant. On the other hand, 


despite Lord Salisbury’s admission that five or six ” 


technicians and many first-rate craftsmen are 
required for every technologist, the Government 
statement will not dispel misgivings that nothing 
like enough effort is being given to the training of 
technicians and craftsmen, 
shortcomings disclosed. 

The Government statement puts recurrent ex- 


£3 million a year, with an increase of some 25 per 


cent in the next two years, and capital expenditure | 
already incurred of £10 million, and probably 4 © 
These © 
sums are qvite substantial enough to warrant the — 
establishment of a technological grants committee, — 


further £15 million over the next ten years. 
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llel with the University Grants Committee and 
jimilar in status and organization. That suggestion 
of the Parliamentary and Scientific Committee’s 
memorandum was strongly supported in the debate, 
not only by Lord Glyn but notably by Lord Waverley 
and Lord Cherwell. Lord Waverley thought that a 
body dealing with higher technical education in 
parallel with the University Grants Committee would 
> serve an extremely useful purpose in advising the 
© Lord President of the Council in a matter which he, 
~ and even more emphatically Lord Cherwell, con- 
© siders quite outside the scope of the University 
> Grants Committee as at present constituted. 
> This proposal, as presented in the debate on 
* December 7, would appear to contemplate such 
7 an oversight of technical as well as technological 
education as would keep the two in balance and 
) assist in gaining for the technical colleges the con- 
3 ditions of service and esteem which they require, no 
> less than finance and equipment, to enable them to 
© doeffective work. The mere existence of such a body 
* could do something te increase the esteem in which 
~ the technologist and the technician is held, and 
> thereby to remove the friction which has sometimes 
% developed over discussions as to the respective 
% functions of the colleges of technology and the 
technical colleges. Prestige and status are important 
> for other reasons than in assisting the colleges to 
® attract staff of high qualifications and in inducing a 
» sufficient number of the ablest school leavers to take 
> up technological and technical careers. It will be of 
> vital importance that the functions and work of the 
© technical colleges should be fully understood and 
» esteemed by the community if there is to be any 
* division of function such as Sir David Eccles seems 
> tohave in mind. The work of the technical colleges 
~ might well be seriously injured if it were thought 
) that the task of training technicians and craftsmen 
} were less important than, or inferior in status to, 
» the task of training technologists. 
» The proposal for a technological grants committee, 
> ifimplemented with wisdom, vision and generosity, 


y. ) offers a prospect of enabling this question of the 


» balance between technological and technical educa- 
tion to be handled in terms of the national interest 
and needs, and of eliminating the distortions which 
local and sectional interests and prejudices so readily 
engender. It is not easy to over-stress the importance 
of such an impartial approach, and of avoiding party 
political prejudice. As Lord Rochdale said, the prob- 
® ‘em of technological education has to be tackled with 
energy and force over many years, irrespective of 
the transient condition of trade and whatever political 
party may be in power at any particular time. The 
Parliamentary and Scientific Committee could render 
no greater service than by continuing to demonstrate 
the practicability and value of an all-party approach. 

Lord Salisbury, in his concluding remarks, stressed 
# the desirability both of increasing the prestige and 
= ‘teem in which technology is held compared with 

that of science, and of breaking down barriers 
q between the arts and science. Whether or not the 
» 'mportance which he rightly attaches to this process 
>and he recognizes it as one which may take 
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generations to achieve—was responsible for his 
studied disregard of the Parliamentary and Scientific 
Committee’s proposal for a technological grants 
committee, in spite of the powerful support it 
received, the proposal should be pressed. It merits 
further examination and should be rejected only on 
a@ reasoned argument. 

The Government’s statement of December 7 shows 
clearly that the Government is adopting a pragmatic 
and experimental approach and that it is proposing 
to spend substantial resources on the expansion of 
higher technological education in Britain. Lord 
Cherwell could remark with some justice that, even 
in regard to the Imperial College of Science and 
Technology, progress is somewhat slow; but it is 
sound policy not to attempt to stereotype the 
relations between technological institutions and the 
universities. The arrangements in Manchester for 
the expansion of the College of Technology, with an 
independent governing body dealing direct with the 
University Grants Committee, which has been made 
possible by the City’s surrender of its former owner- 
ship and control, and building new technical colleges 
for technical instruction at the lower levels, are 
eminently sensible, but not for that reason necessarily 
a pattern for general application. 

What the Government could fairly be expected to 
do is to bring some sense of urgency to bear where 
negotiations and discussions are protracted, and to 
create, as in a technological grants committee, a 
body competent to formulate broad policy in terms 
of the national needs and supply just that amount 
of balance required to ensure the adjustment of local 
differences in terms of the national and not sectional 
interest. The argument for some such body is indeed 
strengthened by the failure of the Lord President to 
show himself aware of the way in which local views 
and prejudices hinder the higher work of the colleges 
of technology ; or the vital importance of an auton- 
omous governing body, to enable expenditure on 
technological courses or research or the admission of 
students on a regional basis to be independent of 
local rates and similar exigencies. 

Such considerations cannot be ignored in formu- 
lating long-term plans for the expansion of techno- 
logical education in Britain, or in considering the 
efficient administration of the large sums of money 
which Lord Salisbury indicated the Government 
proposes to make available for the purpose. Nor did 
anything that was said in this debate remove doubts 
which exist as to whether the Government has a 
considered and co-ordinated policy for the expansion 
of technological and technical education. These 
doubts have indeed been increased since the debate. 
Not even Sir David Eccles’s energy, or the cogency, 
soundness and clarity of his views on education 
generally, can remove the misgivings which divided 
responsibility for technical and for technological 
education tends to cause. If the Government does 
not see fit to implement this proposal for a techno- 
logical grants committee, it should at least make 
clear the means it proposes to adopt to remove the 
shortcomings in technical colleges disclosed by the 
Select Committee on Estimates for the Session 
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1952-53, and to prevent their recurrence, to over- 
come the well-known obstacles to the more efficient 
working of such colleges and colleges of technology 
at the higher levels, and to keep the expansion of 
facilities for training technologists and technicians in 
balance and in harmony with the country’s needs. 
Such questions cannot be dismissed summarily as 
they were by Lord Salisbury, and the Parliamentary 
and Scientific Committee would do well to inquire 
further into these and other points on which the 
debate threw insufficient light. 


LITERATURE AND SCIENCE 


Literature and Science 
By B. Ifor Evans. Pp. 114. (London: George Allen 
and Unwin, Ltd., 1954.) 8s. 6d. net. 


BOOK on the relationship between literature 

and science should receive a warm welcome 
from both scientists and men of letters. Often the 
scientist has no interest in poetry, which he neither 
understands nor appreciates ; while the artist, being 
largely unaware of the nature and objects of science, 
may feel resentful of the way in which science seems 
to have come to dominate men’s lives. Nevertheless, 
the full development of the intellectual life of our 
times depends on the work of both artists and 
scientists. Both should contribute to the philosophy 
which guides our thoughts and actions. On both 
sides there should be more realization of the aims 
and methods by which each works ; the little book 
by Dr. Ifor Evans gives us some insight iato the 
mind of the poet and artist. 

The influence of scientific studies on men of letters 
is no new problem. The author reviews the way in 
which poets have reacted from the Renaissance 
onwards. But in reading this historical survey, 
which occupies the greater part of the volume, con- 
siderable doubts must arise as to whether the past 
climates of thought on scientific matters have always 
been accurately depicted by the author. It may be 
easy for us to imagine which investigations should 
have impressed thoughtful Englishmen in the 
seventeenth and eighteenth centuries, because we 
know those which have stood the test of time. But 
it does not follow that the more lasting discoveries 
and theories had the greatest effect on contemporary 
opinion. Thus in writing of the early years of the 
Royal Society, the author refers to the intermingling 
of myth and magic and superstition with scientific 
proceedings. But the Fellows of the Society at that 
time had still to discover that some of the topics 
they discussed originated only in myth or mythology ; 
for example, the idea that minerals grew in the earth 
from seeds was regarded as requiring serious investi- 
gation. 

Again, in an interesting chapter on Wordsworth, 
Dr. Evans deals only with the poet’s references to 
Newton and to mathematics. But from about the 
time of the poet’s birth until he was fifty, British 
scientists seem to have been mainly interested in 
biology and geology. Sir Joseph Banks was president 
of the Royal Society for more than forty years, and 
the physical sciences languished. This, too, was the 
period when many beautifully illustrated books on 
flowers and birds were produced and had a wide 
circulation. The discussion of geological problems 
led to the founding of the Geological Society in 1807. 
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It is not improbable that Wordsworth’s first visit to 
the Alps was inspired by de Saussure’s “Voyages 
dans les Alpes”. The second part of this beautifully 
illustrated work by the pioneer of alpine exploration, 
geology and natural history, appeared some four years 
before the young enthusiasts set out to walk to 
Switzerland. 

The author shows how, in the nineteenth century, 
scientists and men of letters drifted apart. He con. 
siders that “the main development within the 
twentieth century has been the increasing uneasiness 


of the writer, the sense that he exists in a hostile J 
society, and that the powers of science are increasingly | 
creating a civilization in which he has little place”, | 
It is, however, not easy to maintain the view that | 
the pursuit of science destroys an appreciation of the 7 
arts. Many distinguished scientists are accomplished 7 
musicians, painters or novelists. The author recog. 7 
nizes the merit of Sir Charles Sherrington as a poet. 7 
But those who devote all their energies to some 
subject, whether it be science, literature, history or 7 
golf, may well neglect other pursuits. It should be 7 
recognized that Charles Darwin, a sick man seldom 7 
able to leave his house and garden, was a special 7 
case. Perhaps one reason why poets feel neglected 7 Seah 
to-day is that so much of what they write is not 7 
readily comprehensible to the ordinary reader ; it is 7 
not of the kind which one reads and re-reads in | 


leisure moments. 


In spite of the criticisms that have been made, = 
this is an interesting book and contains much food 7 
for thought. When one reflects on the mystery and 7 
complexity of the universe as revealed by moder 7 
science, and on the disappearance of the cocksure ~ 
attitude adopted by .o many of the nineteenth- | 
century scientists, one would think that a rapproche- | 


ment between scientists and poets should be possible. 


We scientists should take note of the author’s desire 7 
for “‘a wider act of interpretation, both of the nature 7 
of the scientific imagination and of the discoveries 7 


and possibilities of modern research”’. 
H. HamsHaw THomas 


GEOMORPHOLOGY FROM AN 
AMERICAN POINT OF VIEW 


Principles of Geomorphology 

By William D. Thornbury. Pp. ix+618. 
York: John Wiley and Sons, Inc. ; 
Chapman and Hall, Ltd., 1954.) 64s. net. 


(New 


EOMORPHOLOGY as a science has grown up © 


in the railway age. A hint of what was coming 


might be espied in those eighteenth-century travellers ~ 


who, like Gilpin, began very haltingly to display an 


interest in the form of landscape rather than its | 


formalized versions. A hundred years later and the 


trains have reached Lucerne ; soon we are well into | 
the age of physiography, that pleasant ill-defined | 
compost which made an agreeable part of the later | 
Victorian education. A further hundred years, and | 


this lively branch of science has given birth to 4 
remarkable variety of new and odd words such as 


pediplains, steptoes and fluviraption. Speed of com- © 
allows the students at 4 © 
certain Scandinavian university to be flown out after ~ 


munication, moreover, 


the lecture to look at the land-forms from the air. 
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will long continue to provide an attractive and 
challenging mental discipline and a valuable educa- 
tion. Geomorphology not only gives scope for the 
exploratory and cartographical type of mind but also 
allows abundant opportunity to increase with time 
the precision of measurement, examination and 
analysis. Probing, indeed, may gradually replace 
mapping in this as in other fields. 

The question remains, what initial training is most 
likely to lead to further advances. In America where, 
with the advantage of good visibility, the geologist 
must have an immediate eye for country and must 
often do his own mapping, it is understandably 
associated with departments of geology. In Great 
Britain, where the mapping has been done and the 
reward for geologists often lies deeper down, interest 
in surface-forms has been taken up by a number of 
geographers. ‘The present reviewer is inclined to 
stand outside any such arguments. It is obvious 
that the geomorphologist in common with all who 
approach geophysical studies must have command 
of more than one auxiliary science; and as yet it 
matters little from which particular lecture-room he 
sets out, provided that he is endowed with the 
necessary capacity for vision. The earth’s surface- 
form is an entrancing object of study approachable 
by many, and surely geographers should be allowed 
to study the changing environment if they wish and 
to leave man out of their inquiries. 

Geomorphology owes much to the stimulus of the 
newer lands ; and Dr. W. D. Thornbury has provided 
an admirable text-book. It is sound, solid, efficient, 
unpretentious, well illustrated ; a workmanlike job 
forming an agreeable epitome of the splendid 
American achievement in this field. His training, 
outlook and location lead him to define the subject 
as primarily geology, and many will agree with his 
hope (p. 14) “that a knowledge of mathematics, 
physics and chemistry never becomes more essential 
to an understanding of geomorphic discussion than a 
sound appreciation of lithology, geologic structure, 
stratigraphy, diastrophic history, and climatic in- 
fluence”. His initial chapter on the historical back- 
ground is a model of condensation ; a steady suc- 
cession of chapters is then laid down to cover 
processes, cycles, the peneplain concept, coastal 
evolution, vulcanism. To a non-specialist, the 
balanced summary of Davis v. Penck is particularly 
acceptable. The author allows geomorphology to 
extend to a discussion of the form of the ocean bed ; 
but tectonics are neatly avoided. There is an admir- 
able chapter on the tools of the geomorphologist such 
as contoured maps, aerial photographs, soil maps ; 
and a final chapter on some applications which. may 
encourage those who ask what money there is in it. 
For American students there is indeed little lacking. 
Some reference might perhaps have been made to 
recent Canadian arctic work, for example, by J. L. 
Jenness and J. B. Bird. Among minor points, while 
the references at the end of most of the chapters 
are adequately up to date, some later European work 
on glaciers might have been added. The author 
omits to define the snowline, which would assist the 
understanding of p. 357; the reader is given no 
obvious opportunity to follow up the brief mention 
of strandflats (p. 436), and on p. 259, obviously the 
east face of the Vosges is meant. The American 
usage of the word topography will be noted. 

Illustrations and diagrams are plentiful and 
references abound, including quite a number to 
British and European work, though chiefly where it 
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is likely to prove of interest to those engaged in the 
interpretation of North America. Students elsewhere 
will need to be well supplied with maps to make full 
use of the book. The author’s reading does not appear 
to have spread far enough into British journals to 
mention the work of J. F. N. Green, O. T. Jones or 
D. L. Linton, although he is thoroughly acquainted 
with Wooldridge and Morgan (1937), and from beside 
the Indiana limestone a short comment is appro- 
priately given to M. M. Sweeting (1950) on caves. 
Remembering W. M. Davis’s early work, it is 
refreshing and may provoke thought for some 
English readers to find the Weald meagrely sum- 
marized in fourteen lines, no comments on the 
Thames and no mention of the Lake District. Land- 
forms on ihe American continent, after all, provide 
much to think about; and to Dr. Thornbury, 
England’s chief interest appears to lie in its coasts, 
to which he gives a generous allowance of illustrations 
and citations. Nevertheless, this book makes a 
deserving, crisp and stimulating text covering a wide 
field within the established canon. Geomorphology 
is a lively subject and Dr. Thornbury maintains a 
wholly admirable balance in his comments on matters 
of current controversy. His succinct summary of the 
theories of Appalachian drainage, of submarine 
canyons and of pediments may be selected as likely 
to prove very welcome to students. Production and 
printing are excellent; and while the appeal is 
primarily to American readers, and to British students 
the price is high, this book can be thoroughly recom- 
mended. GoRDON MANLEY 


SYNTHETIC POLYMERS 


Fibres from Synthetic Polymers 

Edited by Dr. Rowland Hill. (Elsevier’s Polymer 
Series on the Chemistry, Physics and Technology of 
High Polymeric and Allied Substances.) Pp. xv+ 


554. (Amsterdam and New York: Elsevier Pub- 
lishing Company, Inc.; London: Cleaver-Hume 
Press, Ltd., 1953.) 80s. 


HE editor and his panel of authors are to be 

congratulated on the general standard of this 
book. The rapid growth of knowledge on the subject 
of macromolecules owes much to the fundamental 
research of the chemist and physicist working on the 
synthesis and structure of long-chain molecules poly- 
merized from one or more forms of monomer unit. 
Apart from reference to a few classical syntheses, 
for example polypeptides, few of the references are 
pre-war, and it is interesting to see this contemporary 
work built into a massive science. Further, this 
contribution may well be used as a sound lead to 
workers in the more complex fields of biosynthesis 
of the natural polymers. 

If the work suffers from one major fault, it is that 
there appears to be some overlapping of subject- 
matter; but this may be inevitable as each author 
has to produce a coherent story. It can be seen that 
in particular p. 126 anticipates Chapter 14. On the 
other hand, chapters describing techniques frequently 
involve descriptions of chemical and physical prop- 
erties of polymers which have been dealt with in 
the appropriate sections on their polymerization or 
properties. A reduction of this duplication might 
have been achieved by adequate cross-referencing. 
The value of the book as a work of reference is 
unimpaired ; but the tenacity of the reader who has 
to follow 550 pages is greatly extended by the wide 
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and ambitious scope of the work. This is particularly 
noticeable as the involved treatment of the assess- 
ment of textile properties forms the last chapters of 
the book. It would be extremely difficult, if not 
impossible, to write these sections in the clear and 
concise manner of the earlier chapters, and I think 
that the parts of the book dealing with textile 
properties as such might better have formed the 
subject of another publication. This criticism in no 
way detracts from the value of the chapters from 
the point of view of reference, and the treatment of 
the dyeing of synthetic polymers is to be recom- 
mended as an excellent fundamental introduction to 
the subject. 

There are certain minor criticisms ; but attention 
should be directed here to the equation on p. 382. 
It might have been more satisfactory to relate the 
denier of the spun yarn to the rate of take-up JT at 
the final godet in metres/min., the pump throw D in 
c.c./min., and n the number of filaments in the jet 
(z and r are as defined in the book), that is: 


9.10°. Dx (100 +r) 
n.T 100 


This equation would then be more readily correlated 
with the statement on p. 369, I. 8. 

The chapters on crystallinity, etc., are excellent 
and give a clear picture of our present knowledge on 
the structure of these polymers. Personally, I would 
prefer to see the X-ray diagrams reproduced as black 
reflexions on a white ground. The fundamental 
chemistry of polymer synthesis is well covered ; but 
in the chapter on the theory of polymer solutions the 
derivation of the usual fundamental thermodynamic 
equations might have been shortened. 

In conclusion, however, the editor and his col- 
laborators are to be complimented on their achieve- 
ment, and if one finds the work exhaustive, it is an 
excellent source of information for the student, and 
may well become a standard reference for all workers 
in the field of synthetic polymers. F. Haprey 


filament denier = 





KERNEL FUNCTIONS 


Kernel Functions and Elliptic Differential Equations 
in Mathematical Physics 

By Stefan Bergman and M. Schiffer. (Pure and 

Applied Mathematics Series, Vol. 4.) Pp. xiii+432. 

(New York: Academic Press, Inc., 1953.) 8 dollars. 


HE methods initiated about a hundred years 
ago in the theory of electrostatic potential by 
the miller-mathematician, George Green, have now 
considerably developed. The determination of the 
solution of Laplace’s equation which takes prescribed 
values on the boundary of a domain depends on 
finding the Green’s function for that domain. Other 
boundary value problems depend on the functions 
of Neumann and Robin. These three functions all 
have singularities ; but by taking the difference of 
two of them we can get rid of the singularity and 
form what is called a regular kernel function. The 
whole theory of the elliptic partial differential 
equations of mathematical physics can be based on 
the properties of these functions, which have been 
the subject of much recent research by the authors 
and others. 
This book consists of two parts: the first mathe- 
matical physics, the second pure mathematics. The 
first part contains four chapters, dealing respectively 
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with the conduction of heat, fluid dynamics, electro. 
and magneto-statics, and elasticity. In these chapters 
the fundamental solutions of the differential equations 
are introduced in a way which points out thei 
physical significance. The second part of the book 
contains an exact mathematical discussion of the 
kernel functions satisfying a partial differentia] 
equation rather more general than Laplace’s equation, 
In addition to existence theorems, there are identities 
and developments in series which can be used for 
numerical computation. Variational formule are 
obtained which throw light on problems of stability, 


The book requires considerable preliminary know. F 
ledge, including the theory of integral equations; 7 
but it will be very useful to advanced students who | 
desire a guide to recent research on kernel functions, § 
with an indication of opportunities for further | 
There is an elaborate index and a very q 


advances. 
full bibliography of books and research papers. 
H. T. H. Praccio 


CHEMICAL ENGINEERING 


Chemical Engineering 


By Dr. J. M. Coulson and Dr. J. F. Richardson, 7 
Vol. 1: Fluid Flow, Heat Transfer and Mass Trans. 7 
Pp. viii+370+16 plates. (London: Pergamon | 
McGraw-Hill Book Com. § 


fer. 
Press, Ltd.; New York: 
pany, Inc., 1954.) 38s. 6d. net. 


T has been a matter of regret that few text-books ; 


dealing with chemical engineering subjects have 


been published in Great Britain ; but recently there | 


have been available from Britizh sources two good 


text-books in elementary chemical engineering. The | 


present book is much more comprehensive, and 


Vol. 1 now published is divided into four sections: | 
fluid fiow, heat transfer, mass transfer and humid- | 
ification and water cooling. The second volume will | 
deal with the physical principles of chemical process 
design, such as distillation, drying and evaporation, © 
liquid-liquid extraction, and adsorption and mixing © 


and separation. 


Each section of the book includes a theoretical © 
treatment leading to the discussion of the practical 7 
applications and to worked examples. The diagrams | 
illustrations of various forms of chemical © 
engineering apparatus have been very skilfully 7 
selected. Each chapter or each section includes 4 © 
Mathe- © 
matical treatment is given fully in order that it can 7 
the more © 
difficult theoretical sections have been put into small ~ 


and 


list of modern references and of symbols. 
be applied to a variety of problems: 


print. 

A fairly complete discussion is given 
boundary layer in the section on momentum, heat 
and mass transfer; but this relates primarily to flat 
surfaces and flow in tubes, whereas flow patterns 
around curved surfaces such as cylinders or spheres 
are not discussed. There is a brief discussion of flow 
convection across cylinders in an earlier section on 
heat transfer, but no reference is made to pipe stills. 
Flow patterns around spheres are of some importance 
in connexion with the diffusional problems to be dis- 
cussed in the next volume and might well have been 
included in the chapter on the boundary layer. 


The book is based on a course of lectures given | 
over a period of years and can be strongly recom: [ 
mended. Thé price is reasonable and the book is | 


well produced and has a good index. 
F. H. GARNER 
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RECENT INFRA-RED AND X-RAY STUDIES OF COAL 
By J. K. BROWN 


British Coal Utilization Research Association, Leatherhead 
AND 


P. B. HIRSCH 


Crystallographic Laboratory, Cavendish Laboratory, University of Cambridge 


Introduction 


HE purpose of this article is to describe the 

results of recent infra-red and X-ray measure- 
ments On coals, to summarize briefly thc joint 
conclusions, and to compare them with those of other 
investigators. More detailed accounts of the infra-red 
and X-ray work are being published elsewhere!. 

Coals form a series ranging from peats, through 
the lignites to bituminous coals and anthracites (for 
details concerning the classification of coals, see 
ref. 2). Geological evidence suggests that this series 
represents @ continuous and progressive change ; the 
metamorphic process is termed ‘coalification’. The 
three main chemical elements which occur in coals 
are carbon, hydrogen and oxygen. As the degree of 
coalification increases, there is an increase in the 
percentage of carbon and a decrease in the per- 
centages Of hydrogen and oxygen. Microscopic 
examination of coals shows that they consist of a 
number of different components of which the most 
homogeneous is vitrain ; it is a major constituent of 
the bright coals. A range of vitrains with carbon 
contents between 78 and 94 per cent (by weight ; 
dry basis, free from mineral matter) has been studied 
in the present work. 


Chemical Structure 


The major chemical constituent of all coals is 
carbon. Both chemical and infra-red spectroscopic 
measurements agree in showing that a large pro- 
portion of this carbon occurs in aromatic systems, 
and there is strong evidence that at least some of 
this is in the form of condensed rings*. The sizes of 
the condensed aromatic ring clusters in a coal of 
approximately 85 per cent carbon content have been 
estimated previously both by chemical‘ and X-ray 
methods*. Chemical investigations of the hydrogen- 
ation products‘ indicate that systems containing 
between two and six condensed aromatic rings 
predominate, whereas X-ray diffraction line-widths 
have been interpreted in terms of ‘graphitic’ layers 
of approximately 20 A. diameter; this corresponds 
to some fifty condensed rings. 

The present X-ray work has been carried out in 
more detail than was previously attempted. The 
results show that approximately 75 per cent of the 
carbon is in the form of condensed aromatic units, 
and that for a coal of 85 per cent carbon content these 
contain about four or five rings. This result, which 
agrees with the conclusions from chemical studies, 
applies to the whole of the coal. The remainder of the 
carbon and the other atoms are effectively disordered. 

Although it has not been possible to deduce from 
the infra-red spectrum that ring clusters of the above 
size exist in the structure, the results are consistent 
with this estimate. The value of the infra-red method 


9's that it can give information, which cannot be 

obtained from the X-ray scattering, concerning the 
7 nature of the disordered material. 
# and infra-red methods are complementary. 


Thus the X-ray 
The 
disordered material is assumed to be in the form of 


chemical groupings which are attached to the con- 
densed aromatic rings. For example, the analysis of 
the spectrum of a coal of 85 per cent carbon content 
shows that aromatic material is present together with 
saturated aliphatic (and possibly alicyclic) groupings. 
The weakness of the absorption bands which arise 
from aromatic C—H bonds compared with those 
arising from ring vibrations suggests strongly that 
the aromatic rings are highly substituted. The ratio 
of aliphatic to aromatic C—H bonds has been 
estimated to be approximately 4:1 for this coal. 
The infra-red spectrum shows tbat oxygen is 
present in hydrogen-bonded phenolic hydroxyl 
groups. Oxygen in aromatic ether or polycyclic 
quinone structures is believed to cause the observed 
considerable enhancement of the intensity of the 
aromatic ring vibration absorption band near 
1,600 cm.-?. More will be said about these forms of 
oxygen in connexion with the changes in the spectra 
with carbon content. Cannon® has made an assign- 
ment of the main absorption bands in coal spectra 
and has reached some of the conclusions discussed 
here. The chief difference is that he has reported 
the occurrence of aldehyde or keto groups and ester 
groupings in the structure. These have not been 
detected in any of the coals studied in the present 
work ; we suggest tliat the discrepancy may be due to 
the fact that Cannon’s samples were not pure vitrains. 


Changes in Chemical Structure with Carbon 
Content 


X-ray methods have been used for measuring the 
sizes of the condensed aromatic ring clusters for the 
complete range of coals. The results are shown in 
Fig. 1, where the diameters and the numbers of 
rings in the layers are plotted against the carbon 
content. Below about 89 per cent carbon the 
variation in the number of rings in each unit is small, 
but at carbon contents higher than this value the 
size of the ring clusters increases rapidly. The type 
of variation shown in Fig. 1 has previously been 
reported by Blayden et ai.5; but, as stated earlier, 
the number of rings in each condensed unit found by 
these workers was very much larger than that 
deduced from the present work. The possible error 
in measuring the proportion of ordered carbon 
(+ 20 per cent) is too large to permit the determ- 
ination of the variation of this quantity with carbon 
content. Several workers’-!° have used statistical 
methods based on ultimate analyses, helium densities, 
refractive indices and calorific values of coals in order 
to estimate the sizes of the condensed aromatic 
systems and the proportion of aromatic carbon. 
These methods give a variation of ring size with 
carbon content of the type found in the present 
X-ray work ; although these estimates are in general 
somewhat high, the values obtained from refractive 
indices* and calorific values!® are of the same order 
of magnitude as those found in the present work. 

The infra-red spectra of the range of vitrains have 
been studied, in order to follow the changes in 
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intensity of absorption bands assigned to substituent 
groups and to examine the variation in aromatic 
substitution which accompanies these changes. 

The absorption bands which arise from hydrogen- 
bonded OH groups are very strong in vitrains of 
78 per cent carbon content. With increasing carbon 
content the intensity of these absorption bands 
decreases until at 89 per cent carbon they are very 
weak. In these latter coals the concentration of 
hydroxylic material must be small. The intensity of 
the 1,600 cm.-! absorption band which, as stated 
earlier, is believed to arise from the presence of 
aromatic ethers and/or polycyclic quinones, under- 
goes remarkably little change with carbon content ; 
this suggests that these structures occur throughout 
the range of coals, except possibly in the anthracites 
(94 per cent carbon), where it was impossible to 
estimate the intensity of the absorption band. In 
view of these observations, it is suggested that the 
decrease in oxygen to carbon ratio between 78 and 
93 per cent carbon is due mainly to the loss of OH 
groups. 

The ratios of the optical densities of absorption 
bands arising from aromatic and aliphatic C—H 
vibrations, Dar/Daj, have been measured for vitrains 
with carbon contents between 84 and 93 per cent. 
The results are shown in Fig. 2. An approximate 
ratio of the extinction coefficients for these absorption 
bands has been obtained from the study of a number 
of alkyl substituted and hydro-aromatic condensed 
compounds. From this value the relative numbers 
of aromatic and aliphatic C—H bonds have been 
calculated for the coals. This estimate gives directly 
the ratio of the aromatic to aliphatic hydrogen, and 
from these results it is a simple matter to calculate 
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the ratio of aromatic hydrogen and aliphatic ( 
alicyclic) hydrogen to carbon from the known tota| 
hydrogen to carbon ratios. (These ratios have bee, 
corrected for hydrogen in the form of OH groups oy 
the assumption that all of the oxygen occurs in this 
form; the infra-red data suggest that this assump. 
tion is not strictly true, but the error involved j 
very small.) Fig. 3 shows that the aromatic hydrogey 
increases while the aliphatic hydrogen decreases with 
increasing carbon content. The increasingly rapid 
rate of loss of aliphatic groups at carbon content; 
greater than 89 per cent must account for the very 


marked decrease in the ratio of total hydrogen to? 
Although accurate 7 
measurement of Dar/Dai at 94 per cent carbon was eB 
not possible, the spectra indicate that the amount of 7 
aliphatic material is very small for these coals. Also, 7 
at 94 per cent carbon, the spectra suggest that there @ 


carbon observed in that range. 


is a decrease in the aromatic hydrogen content. 


Assuming that the amount of aliphatic carbon isa 


half that of the aliphatic hydrogen (that is, that CH 
groups predominate) the fraction of aromatic carbo 
can be calculated. The results are shown in Fig. 


(Using a somewhat different approach, Dryden" ha; 
calculated upper and lower limits of the fraction of/ 
aromatic carbon ; the present results fall within this 
The fraction of aromatic carbon increases 


range.) 
from a value of approximately 0-72 at 84 per cent 
carbon to 0-92 at 93 per cent carbon. Van Krevelen 
and Chermin™ have estimated the fraction of 
aromatic carbon on the assumption that the volatile 
matter arises from the aliphatic material; their 
results are also given in Fig. 4 and are seen to be in 
good agreement with the present estimates. The 
values estimated from the X-ray scattering (75 + 
20 per cent) are also of the same order of magnitude. 

The variation in aromatic substitution with carbon 
content has been studied by analysing the pattern 
of absorption bands between 700 and 900 cm.-!. At 


the beginning of the range of carbon contents (78 per/ 


cent carbon), the degree of substitution is high ; with 


increasing percentage of carbon content it decreases, | 
in agreement with the observation that the amount! 
of aromatic hydrogen increases. Part of this decrease | 
in substitution is most probably due to the loss of § 


phenolic OH groups, and the remainder results from 
the removal of some aliphatic material. Between 89 


and 93 per cent carbon, the degree of substitution 


154 








Ls a , hui eS oe 
85 90 
% Carbon 
Fig. 2. Ratio of optical densities of aromatic and aliphatic C—H 
stretching abscrption bands as a function of carbon content. 
From Brown, J. K., “Infra-red Spectra of Coals’, J. Chem. 
Soc. (in the press) 
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nm of} 
latile decreases, mainly due to the removal of aliphatic 
their § groups. At 94 per cent carbon the analysis shows 
be in that aromatic rings which contain isolated C—H 
The § bonds predominate in the structure. This result, 
75 +@ when considered in conjunction with the fact that 
itude. only a very small amount of aliphatic material is 
arbon § present, suggests’ strongly that large condensed 
ittern | aromatic systems occur; these would be expected 
'. At®® to contain a high proportion of such rings on their 
‘8 per periphery. 
with In addition to the changes which have been dis- 
eases, | cussed above, the spectra also show a structureless 
1ount |] background absorption. The intensity of this back- 
reast | ground absorption is low in the spectra of vitrains 
ss Of @ with carbon contents up to approximately 89 per 
from cent, but then shows a marked increase and becomes 
on 89% very high at 94 per cent carbon. In agreement with a 
ution @ previous suggestion by Cannon‘, the effect was thought 
) to arise from an electronic absorption band which 
* moves from the visible across the infra-red region 
} with increasing carbon content. It was believed to 
result from the growth in size of the condensed 
) aromatic structures. Recent work by R. R. Gordon 
© etal. (Nature, 174, 1098 ; 1954), however, strongly sug- 
© gests that the structureless background ‘absorption’ 
arises from the scattering of radiation and is not of 
electronic origin. 
Packing of the Condensed Aromatic Layers 
Evidence for the packing of the aromatic layers in 
coal structure comes from a detailed analysis of the 
X-ray data. This concerns in particular the band at 
3-5. A. (002 band), a peak at 20 A. and the diffuse 
@ scattering at lower angles. By analogy with the 
» structure of amorphous carbon'®, the 002 band is 
considered to be @ consequence of the packing of the 
7 aromatic layers parallel to each other in small groups. 
—H | The layers, however, have no particular orientation 


ent. 
hem. 








* relative to each other about an axis normal to their 
plane (turbostratic packing!*) and they may be dis- 
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placed parallel to each other. Fourier analysis of 
the 002 band shows that, in a vitrain of approx- 
imately 85 per cent carbon content, about 60 per 
cent of the layers occur singly, 28 per cent in groups 
of two, and the remainder in groups consisting of a 
larger number of units. With increasing carbon 
content the order improves ; the proportion of single 
layers is reduced and the fraction in larger groups 
increased ; but even at approximately 89 per cent 
carbon, about 45 per cent of the layers occur singly. 
By far the most frequently occurring parallel group 
in all the coals consists of two layers. 

The layers have a preferred orientation parallel to 
the bedding plane ; the preferred orientation is small 
but measurable even in the coals of smallest carbon 
content studied. The orientation improves with 
increase in the carbon content of the vitrain, the 
effect being particularly marked in coals with carbon 
contents greater than 89 per cent. The layer spacing 
is about 3-52 A. for the coals between 84 and 92 per 
cent carbon ; in vitrains with smaller percentages of 
carbon, the spacing is considerably greater (~ 3-7 A.). 
At the upper end of the range (near 94 per cent 
carbon) the spacing is reduced to 3-43 A., that is, 
close to that observed for pure amorphous carbon. 

At lower angles the intensity of the diffuse scatter- 
ing decreases with increase in carbon content up to 
approximately 89 per cent carbon. Beyond this 
value it increases again. There is a close similarity 
between the behaviour of the diffuse scattering and 
the porosity of the vitrains**, which suggests that it 
arises from pores. The shape and intensity of the 
low-angle scattering curves for coals with carbon 
contents of approximately 85 per cent suggest that 
there is a very wide distribution of pore diameters ; 
this distribution extends from a few angstroms to 
values greater than 5000 A. Wide distributions of 
pore sizes have also been found from recent surface- 
adsorption measurements. A measurement of the 
intensities and shapes of the low-angle scattering 
curves suggests that at least some of the pores have 
a disk shape and are oriented parallel to the bedding 
plane. The X-ray scattering is not consistent with 
the Bangham model'* of close-packed micelles of 
approximately 200 A. diameter. 
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Fig. 4. Ratio of aromatic to total carbon for a range of vitrains. 
——, from present work ; ©, Van Krevelen and Chermin (ref. 12) 
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Schematic diagram of the packing of coal molecules at 
various stages during the process of coalification 


Fig. 5. 

For coals with carbon contents greater than about 
84 per cent, a peak appears in the scattering curve 
which corresponds to a spacing of 20 A. This peak 
is most pronounced in vitrains with carbon contents 
near 89 per cent and then decreases again in intensity. 
An analysis of the Fourier transforms shows that the 
peak arises from units of overall diameter ~ 20 A., 
the density of which varies continuously from the 
centre outwards, and which contain a central dense 
core of diameter ~ 8 A., both parallel and per- 
pendicular to the bedding plane. This central core 
is considered to be a group of two completely over- 
lapping graphitic layers, the dimensions of which are 
also of ~ 8 A. The rest of the unit consists of layers 
which are either displaced parallel to each other or 
misorientated, and of the amorphous material which 
is considered to be in the form of substituted groups. 
Fig. 5 shows the type of packing envisaged. The 
distance from centre to centre of neighbouring layers 
is only ~ 10 A.; the fact that the layers surrounding 
the core cannot pack tightly suggests (but does not 
prove) that neighbouring layers are chemically linked 
by bonds which enforce a buckling of the structure. 
Density considerations indicate also that, for vitrains 
with 89 per cent carbon, micropores of ~10A. 
diameter occur in the structure. The existence of 
such micropores has also been indicated from the 
results of recent gas and liquid absorption measure- 
ments}5>1?, 

At least some of the units appear to be close-packed 
at distances of ~ 20 A., but the ordering is poor as in 
a@ liquid. The ‘liquid-like’ structure is continuous 
over distances of the order of microns. Beyond 
89 per cent carbon the 20 A. peak becomes less 
pronounced and the diffuse scatter at low angles 
increases. The Fourier transforms indicate that some 
of the units containing the 8 A. core still persist, 
while the average diameter of the ‘graphitic’ layers 
at 94 per cent carbon determined from the scattering 
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at high angles is now found to be ~ 16 A. It ig 
suggested that locally there remain regions in the 


coal where 8 A. diameter lamelle occur in groups of : 
diameter 20 A., but that in other parts of the | 


structure several lamelle have grown together to 
form larger graphitic layers. This process is accom. 
panied by a flattening of the structure; there is an 
improvement of the local parallel packing of the 
layers, which must have the consequence of enlarging 
the pores in neighbouring regions, giving rise to an 


increase in the intensity of diffuse low-angle scat.: 


tering. Such a ‘clustering’ process will result in a 
wide distribution of layer diameters ; this conclusion 
is in good agreement with the shapes of the bands at 
high angles. The clustering of the condensed aromatic 
structures in vitrains with carbon contents greater 
than 89 per cent takes place particularly rapidly 
between 92 and 94 per cent carbon. 

The arrangement of the aromatic layers in coals 
with different carbon contents is shown in Fig. 5. 


The Coalification Process 

The infra-red and X-ray measurements will now 
be considered together to obtain a more complete 
description of the coalification process. Between 78 
and approximately 89 per cent carbon, the sizes of 
the condensed aromatic ring systems in coal structure 
increase only slightly ; the units consist of four to 
five rings up to approximately 87 per cent carbon, 
increasing to about seven rings at 89 per cent carbon. 
This change is accompanied by a small increase in 
the aromatic carbon and hydrogen and a small 
decrease in the aliphatic hydrogen contents. 

There is a gradual improvement in the molecular 
packing with increasing carbon content; as a result 
of this, a ‘liquid-like’ structure is formed and all the 
large-scale pores disappear. An important chemical 
change which occurs in this range of coals involves a 
very marked reduction in the number of hydrogen- 
bonded OH groups in the system. At carbon contents 
near 89 per cent, the infra-red results indicate that 
the phenolic content must be small. At this stage 
the ‘liquid-like’ packing is at its best and the porosity 
is @ minimum. It is reasonable to suggest that the 
large reduction in the number of hydrogen-bonded 
groups is connected with the improvement in packing 
of the condensed aromatic layers. 

Between 89 and 94 per cent carbon, the aromatic 
layers grow rapidly in diameter and a wide distri- 
bution of layer sizes is observed. This is accompanied 
by a large increase in the proportion of aromatic 
carbon in the structure and a corresponding decrease 
in the aliphatic (or alicyclic) content. The aromatic 
hydrogen shows an increase up to 93 per cent carbon ; 
at 94 per cent carbon some decrease is observed. 
The ‘liquid-like’ structure present at 89 per cent 


carbon gradually disappears with increasing carbon | 


content, and pores are produced. 


It is not possible to consider in detail the process 4 











ie 


by which the aromatic layers increase in size with | 


carbon content. However, it 
quantitative estimates of the proportions of aliphatic 


and aromatic carbon that the aliphatic material % 
associated with each cluster cannot alone produce | 
the number of rings required to account for the | 
In order to produce this very marked — 
increase, two or more neighbouring layers must © 
coalesce to form larger perfect condensed sheets. It © 
is likely that this is accompanied by an aromatization 
of at least some of the aliphatic or alicyclic groupings. ~ 
A consideration of the X-ray results for vitrains in © 


increase. 


is clear from the | 
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the range 89-94 per cent carbon has already led to 
the conclusion that a local condensation of the layers 
takes place with increasing carbon content. It seems 
most probable that the much smaller increase in 
layer diameter observed between 87 and 89 per cent 
carbon also occurs in this way. The formation of 
the large condensed aromatic structures in the 
anthracites (94 per cent carbon) has been accom- 
nied by the loss of some aromatic hydrogen, which 
presumably has been eliminated from the rings 
during the condensation process. 
Although the changes during coalification have 
been to @ large extent considered separately for the 
regions 78-89 per cent carbon and 89-94 per cent 
carbon, there is no reason for believing that there is 
any discontinuous transition between the two. The 
regions have been separated so that the major 
changes which occur could more readily be discussed. 
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Conclusion 


The model which has been put forward in the 
preceding discussion is intended to act as a guide in 
the interpretation of future chemical and physical 
investigations of coal constitution. It is tempting 
to suggest detailed chemical structures which are 
based on the proportions of substituent groups 
deduced from the infra-red work. However, it is felt 
that any such attempt would be premature—and 
possibly misleading—at the present stage. A number 
of structures have been tried which are consistent 
with all the data, and from these it is clear that the 
aliphatic chains must be short ; it is possible also to 
obtain consistency if alicyclic rings are present. 
However, there are many problems concerning the 
detailed configurations which remain to be solved. 
One of the most important of these is to determine 
whether the condensed aromatic systems are linked 
by chemical bonds in a polymer-type structure, or 
whether they occur mainly as isolated units. Con- 
sideration of the origin of the 20 A. band which 
occurs in the X-ray diffraction pattern from coals 
with carbon content between ~ 86 and 94 per cent 
carbon suggests that some of the layers may be 
linked to form a structure extending over at least 
20A. Both X-ray’ and infra-red studies of solvent 
extracts!® obtained at moderate temperatures show 
that they contain structures very closely related to 
the main part of the coal. A polymeric system is 
expected to behave in this way, the extraction being 
mainly on a molecular-weight basis. It should be 
noted that the possibility of aromatic ethers existing 
in the structure of a wide range of vitrains does 
suggest that some linking of the units by oxygen 
may occur. The infra-red evidence for such linkages 
in the solvent extracts is the same as that in the 
coals. Molecular weights of extracts in various 
solvents have been quoted by a number of workers?® ; 
they range from approximately 250 to 4,000. The 
units consisting of approximately four condensed 
rings substituted by aliphatic and OH groups found 
in the present work would have molecular weights 
at the lower end of the above range. The higher 
molecular weights may be due to cross-linked layers, 
or to physical aggregation. 

The low density of coals (c. 1-3) when compared 
with that of graphite (c. 2-2) is quite compatible with 
the suggested structure. It arises from the poor 
packing of the molecules which results in micropores. 
The porosity observed experimentally is mainly the 


consequence of a wide distribution of larger pores, 
some of which are disk-like. 


But even in vitrains of 
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approximately 89 per cent carbon, where the porosity 
is very small, there must exist micropores (c. 10 A. 
diameter and less) in the ‘liquid’ structure. 

The decrease in the strength of coals (as measured 
by Young’s modulus’»*!, grindability index** and 
viscosity’) with carbon contents up to 89 per cent 
seems to follow, and may be a result of, the gradual 
disappearance of groupings which form strong inter- 
molecular hydrogen bonds. The greater strength of 
the anthracites is doubtless a result of the increasing 
forces between the larger flat condensed structures. 

The variation in the optical properties, for example, 
birefringence, refractive index and absorption co- 
efficient?»?3, of the vitrains with carbon content can 
be accounted for, at least qualitatively, in terms of 
the model proposed. But the reason for the dark 
colour of the coals is not yet clearly understood. 
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BRITISH—KENYA MIOCENE 
EXPEDITIONS 
INTERIM REPORT 


N the summer of 1947, following the first Pan- 
African Congress on Prehistory, held in Nairobi, 

and the opportunity provided on that occasion for 
the examination of the import: nt Lower Miocene 
fossil Primates already found in Kenya and for visits 
by members of the Congress to the sites where they 
were collected, the Royal Society made a grant of 
£1,500 to enable more intensive investigations to be 
carried out by geologists and paleontologists. The 
results of these investigations were eminently suc- 
cessful, and adequate annual grants for their con- 
tinuation were afterwards made available by the 
Kenya Government, supplemented by some private 
benefactions. In particular, a motor launch was 
provided by the generosity of Mr. C. W. Boise to 
facilitate visits to the fossiliferous islands in Lake 
Victoria. It seems appropriate, now that seven years 
work has been completed, that a brief summary 
should be given of the results so far achieved. 

The total number of specimens from Lower Miocene 
deposits obtained during this period exceeds fifteen 
thousand. The majority of these were recovered from 
sites on Rusinga Island and Mwafangano Island, and 
others have been found at sites of similar age on the 
mainland ranging from Karungu in the south to 
Muruorot (west of Lake Rudolph) in the north. The 
specimens cover a very wide range of material, 
vertebrate and invertebrate, as well as the. fossilized 
remains of the contemporary vegetation. So far as 
the mammalian material is concerned, in some 
respects the most interesting are the fossil Primates. 
These include the nearly complete skull of Proconsul 
africanus (the only specimen of the skull of a Miocene 
ape so far’ known), an abundant collection of jaws 
and teeth of this genus as well as some of the limb 
bones (including a complete hand skeleton), jaws 
and teeth and limb bones of a primitive gibbon- 
like ape Limnopithecus, and also remains of cerco- 
pithecoid monkeys and lemuroids. Other mammalian 
fossils include representatives of many different 
orders, ranging from small insectivores and rodents 
to anthracotheres and proboscidians. The verte- 
brate collections also include many specimens of 
reptiles and fishes. The Early Miocene invertebrate 
fauna is represented by a wide range of Mollusca, 
numerous Myriapoda, a few Crustacea, and a re- 
markably well-preserved collection of fossil insects 
and allied groups. Finally, the material includes a 
large series of fossil fruits and seeds representative 
of an extensive flora. 

The study of these collections of Lower Miocene 
material is being undertaken by a number of 
specialists, and already several reports have been 
published in a series of monographs issued by the 
British Museum (Natural History) under the general 
title ““Fossil Mammals of Africa”. So far, the pub- 
lished reports have dealt with the Hominoidea, 
Lemuroidea, Anthracotheroidea, Lagomorpha and 
Hyracoidea. Other monographs in the press are 
concerned with the Insectivora, Tubulidentata, 
Ruminantia, and with an almost complete skull of a 
Miocene lorisiform. Lastly, reports are in course of 
preparation on the Rhinocerotidae, Suidae, Cerco- 
pithecidae, Carnivora and Rodentia, as well as on the 
fossil reptiles, Myriapoda and the flora. 
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The geological work of the British — Kenya Miocene 
Expeditions has involved detailed field-mapping by 
Prof. R. Shackleton, Dr. T. Whitworth and Mr. J, 
Higginbottom, and the results of these studies (which 
have appeared as a series of papers in the Quarterly 
Journal of the Geological Society) demonstrate the 
relationship of the Miocene beds to other formations 
as well as the complex stratigraphy of the fossiliferous 
deposits themselves. 

In addition to the main excavations, reconnaissance 
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visits have been made to two regions containing | 


Miocene deposits in the Northern Province of Kenya, 
and to a supposed Lower Miocene area near Maralal 
(which, however, is more probably of Pliocene age), 
Small collections were made at these sites, but none 
of them proved to be rich in fossils. Excavations 
carried out on Maboko Island have established that 
the deposits at this site are only partly of Lower 


Miocene age ; other beds there are evidently of later | 


date, though they contain some true Miocene fauna 
as derived fossils. Lastly, an extensive survey, made 
possible by the motor-launch, has been carried out 


on numerous islands in Lake Victoria in order to | 


determine the western extension of the Lower 
Miocene deposits. The latter do not appear to 
extend beyond Mageta Island (but here they are 
unfossiliferous). E 

The following have taken part in the field-work of 
the British— Kenya Miocene Expeditions during the 


past seven years: Dr. and Mrs. L. 8. B. Leakey, Dr. | 


D. G. MacInnes, Prof. R. Shackleton, Dr. T. Whit- | 


worth, Mrs. Coryndon, Mr. I. Higginbottom, and also 
a trained group of African field-workers. Among 
visiting scientists who have examined parts of the 
area are (the late) Miss D. M. Bate, Prof. D. M. 8. 
Watson, Dr. K. P. Oakley and Prof. G. H. R. von 
Koenigswald. 

The work of the expeditions is being continued as 
circumstances permit. But it is already possible to 
say that the Kenya Lower Miocene deposits provide 
one of the most complete records of the fauna and 
flora of the period, and for the first time present 4 
full picture of the terrestrial and freshwater life of 
the Lower Miocene in the African continent. 

L. S. B. LeakEey 
W. E. Le Gros CLarK 


THE PHOTOGRAPHIC PROCESS 


HE appearance of a second edition of C. E. K. 

Mees’s “‘The Theory of the Photographic Pro- 
cess”* provides an occasion for a review of the 
present state of our knowledge of this subject, and 
especially of the nature of the photographic latent 
image and its formation by exposure to light. But 
in doing so, the reviewer does not wish to imply that 
the discussion of a theory in any such narrow sense 
forms the main or necessarily the most important 
part of this massive volume of more than a thousand 
pages. Written by the vice-president in charge of 
research in the Eastman Kodak Company in col- 
laboration with more than twenty of his colleagues, 
it must be taken to represent the considered view of 
the Company on all scientific aspects of photographic 


materials and of the action of light on them. There ~ 


are particularly valuable sections on optical sensit- 


izing, development and sensitometry, and there are ~ 


* The Theory of the Photographic Process. By Dr. C. E. Kenneth 


Mees, F.R.S. Revised edition. Pp. x+1133. (New York: The Mac- — 


millan Company, 1954.) 21.50 dollars. 
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new chapters dealing with the action of charged 
particles and of X-rays on photographic emulsions. 
The whole book contains a very large amount of 
experimental material which is both of practical value 
and relevant to any discussion of the principles 
involved in the process. 

But any attempt to understand what happens in 
photographic emulsions is faced by the difficulty that 
emulsions differ so much from one another. One is 
therefore tempted to make use of experiments on 
large crystals of silver bromide and similar materials, 
such as those carried out in Géttingen between the 
two World Wars by R. W. Pohl’s school and more 
recently by J. W. Mitchell and his colleagues at 
Bristol, the latter experiments making use of 
sensitized as well as pure crystals and being specially 
designed to throw light on the photographic process. 

In 1938 the late R. W. Gurney and the reviewer 
published a theory of the photographic process which 
was based on three results of the Géttingen school. 
These are, that silver bromide crystals show photo- 
conductivity, that the range of the photo-electrons is 
decreased when colloidal metal is present, and that 
silver bromide shows ionic conductivity at room 
temperature or above. It was therefore proposed 
that the primary action of the light was to produce 
photo-electrons, that these electrons were trapped by 
any metal particles already formed or by ‘sensitivity 
specks’, believed to be silver sulphide, and that the 
negative charge was then neutralized by the move- 
ment of silver ions. In this way, starting from a 
nucleus of silver or of sulphide of perhaps only 
molecular dimensions, a speck would grow which 
would first serve as a latent image and finally become 
visible under the microscope. The ‘positive hole’ left 
behind by the electron was supposed to move about 
by electron transference until it reached the surface 
of the grain, when a bromine atom would escape, 
normally at a point quite distant from that where 
the silver was formed. This theory stimulated a good 
deal of experimental research, particularly in the 
Kodak Research Laboratories at Wealdstone and at 
Rochester. These researches supported the theory, 
especially the basic assumption that two processes 
are involved, one electronic gnd one ionic. The two 
processes could be separated in time if the initial 
exposure was made at a low temperature and the 
emulsion afterwards warmed up. 

At the present time it seems that this theory may 
be correct for the print-out process and perhaps for 
some emulsions, too. But there is now evidence that 
the formation of a latent image need not necessarily 
be accompanied by the separation of any positive 
and negative charge. Miller and Hamm! appear to 
have established that the photocurrents observed in 
photographic emulsions by West and Carroll rise 
slowly over a period of seconds and may continue to 
rise after the cessation of illumination. This is not 
the characteristic inertialess behaviour of the photo- 
currents observed by Glaser and Lehfeldt of the 
Géttingen school in large single crystals of silver 
halides. Even here, however, J. W. Mitchell’s group 
has demonstrated the absence of inertialess photo- 
conductivity at low temperatures in some single 
crystals of pure silver bromide, provided that these 
crystals had not previously been illuminated at room 
temperature so as to cause the separation of silver. 
These results and others suggest that the latent image 
may be formed by a mechanism in which silver and 
bromine are produced very close to each other and 
later diffuse apart. What seems to happen is that, on 
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illumination, an ‘exciton’ or state of excitation is 
produced either in the halide or in a sensitizing dye 
layer, that this exciton can move a considerable 
distance, and that it eventually gives up its energy 
at a ‘kink site’ on the crystal surface or on a dis- 
location, where a silver atom and a bromine atom 
are formed. The bromine then escapes into the 
gelatine or is taken up by a halogen acceptor; the 
silver atoms form pairs or bigger groups which con- 
stitute the latent image. 

To make this clear, we must discuss the meaning 
of the two terms used. An exciton in an adsorbed 
dye layer is simply an excited molecule and can 
move through the layer by transferring its energy to 
any one of its neighbours. In silver bromide we 
cannot speak of molecules ; it is permissible to think 
of excitons as positive holes bound in the field of 
electrons. But the result is the same; we have a 
state of excitation which can move through the 
lattice. 

Certain aspects of the properties of dye-sensitized 
emulsions provide perhaps the first evidence that a 
latent image can be formed without photoconduction ; 
as the discussion in Mees’s book shows, it is difficult 
to see how the excitation of a dye molecule can 
produce a free electron, and the experiments on the 
photoconductivity of emulsions to which reference 
has already been made do not appear to have estab- 
lished the existence of inertialess electron currents 
of the type which would be expected. Moreover, 
these experiments strongly suggest that pure silver 
bromide is not a photoconductor at low temperatures, 
as previously appeared to be the case. The normal 
process in this substance and other ionic crystals and 
oxides seems to be as follows. The light is absorbed 
by the crystal and forms an exciton. If this, during 
its life-time of not more than 10-® sec., does not 
‘collide’ with an impurity centre, the energy is re- 
radiated, as light or heat. If, however, it comes in 
contact with an impurity centre where a loosely 
bound electron is attached, it can give up its energy 
so that the electron is released and can take part in 
a photocurrent. That this occurs is shown particu- 
larly clearly by Apker’s* experiments on alkali halides 
carried out in the laboratories of the General Electric 
Company at Schenectady. 

We are therefore led to believe that the formation 
of latent image silver is normally due to the direct 
action of an exciton on an ion-pair of silver and 
bromine. Clearly such an ion-pair must be at a 
‘kink site’ if it is to react; by a kink site is meant a 
site at the end of a row of ions. Such a site may 
occur on a surface or at @ point on a dislocation ; in 
the latter case it is usually called a ‘jog’. The energy 
of the exciton is sufficient to transfer an electron 
from the bromide to the silver ion; following J. W. 
Mitchell, we then assume that the bromine atom 
moves close to the neighbouring surface, so that the 
electron cannot move back. This is the primary 
electronic part of the process; eventually the silver 
atom and bromine separate by diffusion, the silver to 
join with other atoms of silver to form the latent 
image, a speck of metal, and the bromine to form 
molecules which escape. This may well be the 
mechanism for the formation both of the surface 
latent image and the internal image, which the work 
of Hedges and Mitchell* shows to be located along 
dislocations. 

For a sensitive emulsion, then, we require two 
things: an acceptor for the halogen, a role probably 
taken by the sulphide sensitizer, and some ‘rough’ 
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regions on the surface, where there are many kink 
sites close together, so that silver atoms released 
by the process described above can easily combine. 
These rough regions are the sensitive parts of the 
crystal ; the work of Mitchell’s group shows them to 
occur, as one would expect, where a substructure or 
array of dislocations meets the surface. This, at any 
rate, is what happens in large crystals, and probably 
in grains of emulsions, too. 

A model of this kind seems to fit many of the 
facts and probably comes nearer to the true mech- 
anism for many actual emulsions than the original 
Gurney—Mott theory. It is remarkable how an 
understanding of the photographic process seems to 
involve all the latest concepts of the theory of solids, 
from the movement of excitons to diffusion of atoms 
along dislocations. N. F. Morr 


2 Miller, L. E., and Hamm, F. A., Rev. Sci. Instr., 24, 214 (1953). 
* Apker, L., and Taft, E., Phys. Rev., 79, 964 (1950). 
* Hedges, J. M., and Mitchell, J. W., Phil. Mag. (7), 44, 223 (1953). 


OBITUARIES 
Prof. A. R. Richardson, D.S.O., F.R.S. 


Lieut.-COLONEL ARCHIBALD READ RICHARDSON, 
Fellow of University College, London, and the first 
holder of the chair of mathematics in the University 
College of Swansea, died recently at his home in Cape 
Town at the age of seventy-three. He was educated at 
the Royal College of Science and University College, 
London, where he afterwards joined the staff, and in 
1912 he was appointed assistant professor of mathe- 
matics in the Imperial College of Science and Tech- 
nology. He had fought as a volunteer in the South 
African War and was a prominent member of the 
Officers’ Training Corps in the University of London. 
During the First World War he had a distinguished 
military career when he commanded the 2/2 and later 
the combined 2/1 and 2/2 battalions of the London 
Regiment, but he received serious wounds in the Ger- 
man offensive of March 1918 which permanently 
affected his health. Shortly before his appointment to 
Swansea in 1920, Colonel Richardson held the chair of 
aeronautical science at the Cadet College, Cranwell. 

Richardson’s early work showed his versatility as 
a mathematician, for he came to Swansea with a 
reputation in hydromechanics and an interest in real 
variable analysis. His first few years at Swansea 
were occupied by studies on the moment problem, 
but he soon turned his attention wholly to the rich, 
and at that time largely unexplored, field of modern 
algebra, becoming a pioneer and leader in a branch 
of mathematics then almost entirely neglected in 
Britain. The twenty-two papers published since his 
appointment to the Swansea chair represent a con- 
tribution to mathematics out of all proportion to their 
number. It is the extensive range of subject-matter 
covered and the originality and novelty of the in- 
dividual papers that are so striking. The earlier papers 
dealt with hypercomplex determinants and with 
concomitants and equations over a division algebra. 
The theory of group characters and representations 
owes much to the work he did in the early nineteen- 
thirties, and his discovery of immanants formed a 
nucleus around which a host of new results accumu- 
lated. He was a pioneer rather than a consolidator, 
and his attention later turned to the new fields of 
abstract algebra, groupoids and the composition of 
cubie and quadratic forms. He retired to Cape Town 
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prosecute research until shortly before his death on 


Royal Society in 1946. 






Until he received his war wounds, Richardson had § 


given the same untiring energy to sport and military 
training that he showed in teaching and research, 
Few men could have survived the severe wounds and 
consequent operations which he suffered ; and when 
he found himself restricted to a life of semi-invalidism, 
his true quality was displayed in the singleness of 
purpose with which he turned his immense vitality 
to the purposes of teaching and research. Within a 
few years of his appointment at Swansea, he hed 
established an honours school of algebra which was 
outstanding, and it was perhaps unfortunate that 
so few research students came to Swansea to take 
advantage of this. While at Swansea he established 
a tradition of good teaching at all levels in both pure 
and applied mathematics, and played a considerable 
part in the development of *he College in its formative 
period, so that many departments besides his own 
owe much to the traditions he helped to establish. 

Prof. Richardson’s standards in life were excep- 
tionally high and he was a staunch and generous 
friend to many. He will be gratefully remembered by 
the students of the inter-war generations and by his 
colleagues, who will treasure the memory of his 
friendship and the hospitality which fle and his wife 
dispensed at Highmead. He is survived by his wife, 
Dr. Margaret E. A. Richardson, a distinguished 
linguist and past member of the Swansea staff, whom 
he married shortly after his appointment to the chair 
of mathematics. 

I am indebted to Prof. D. E. Littlewood, of the 
University College of North Wales, Prof. Richardson’s 
pupil and collaborator, for his assistance in drawing 
up an appreciation of the publications in algebra. 

R. Wrison 


Prof. Douglas McCandlish 


Dovetas McCanpiisH, emeritus professor of 
leather industries in the University of Leeds, who 
occupied that chair during 1919-49, died at his home 
in Leeds on December 18. His passing is a sad break 
in the traditions of this unique Department. 

He was born in Leeds on November 5, 1883, of 
Scottish parents, and joined the staff of Mr. Thomas 
Fairley, the city analyst of Leeds, on leaving the 
Leeds Boys Modern School. In 1902, he entered the 
Yorkshire College and graduated with honours in 
chemistry in the first degree list issued by the 
University. He then became demonstrator in the 
Leather Industries Department. After two years, he 
decided that he must link up his scientific knowledge 
with the actual manufacture of leather, and so 
became chemist to William Paul, Ltd., of Leeds. 
A year later he accepted an appointment as chief 
chemist to Messrs. A. F. Gallun and Sons, one of the 
largest and most scientifically minded tanning com- 
panies in the United States of America. 

When McCandlish succeeded the late Prof. H. K. 
Procter in the chair of leather industries in the 
University of Leeds at thirty-six years of age, he 
was the youngest professor to be appointed at the 
University. For thirty years he gathered around him 
a body of students and research workers, being ably 
assisted by the late W. R. Atkin, who succeeded him, 
and the late F. C. Thompson. 
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Among his contributions to leather science, 
McUandlish’s famous paper on the control of chrome 
tanning by means of the precipitation point may be 
mentioned. The Procter-McCandlish method of 
determining the basicity of chrome tanning liquors 
is also still being used. He devised a means of 
counteracting the well-known decay in leather-bound 
books and furniture, and was instrumental in pro- 
ducing upper leather for boots and shoes which could 
be decontaminated after exposure to war gases. 

McCandlish acted as honorary treasurer of the 
International Society of Leather Trades’ Chemists 
for many years and was appointed president in 1925. 
He was elected an honorary member of the Society, 
and also of the American Leather Chemists Associa- 
tion. Among other appointments he held were those 
of dean of the Faculty of Technology (1938-40), 
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president of the Leeds Caledonian Society (1930-33), 
chairman of the Appeals Tribunal of the National 
Assistance Board (Leeds Area) and member of the Con- 
scientious Objectors Tribunal (North-Eastern Area). 

Douglas McCandlish was a man of great kindness 
and will long be remembered by his old students and 
many friends for his kindly jovial disposition, his 
readiness to help in times of difficulty, his sound 
judgment, his work as a trustee of the Belgrave 
Congregational Church in Leeds, his wide knowledge 
of leather science and the leather industry, and as a 
bulwark in maintaining the prestige of the Leather 
Industries Department of the University of Leeds 
for so many years. 

He leaves a widow and a son, Dr. A. J. McCandlish, 
who is a medical practitioner at South Milford. 

DonaLp BuRTON 


NEWS and VIEWS 


Manchester College of Technology : 
Prof. H. Lipson 


As part of the programme of expanding the 
Manchester College of Technology, several new 
professorial chairs have been created. For many 
years there has been a Department of Physics in the 
College, but until recently it has been regarded as a 
service department ; it is now proposed to expand it 
materially, and to raise the status of its head to that 
of professor. Dr. H. Lipson, who has been head of 
the Department since October 1945, was recently 
elected to this new office. He has been responsible 
for developing a new university course in applied 
physics leading to the degree of B.Sc.Tech. Prof. 
Lipson went to Manchester in 1936 to work under 
Prof. W. L. (now Sir Lawrence) Bragg, and was 
engaged on an investigation of alloy systems, while 
at the same time he continued his work on the 
physical aspects of X-ray diffraction. In 1937 he 
accompanied Prof. Bragg to the National Physical 
Laboratory and later to the University of Cambridge 
as an assistant in experimental research in crystallo- 
graphy. In 1939, he was awarded the degree of D.Sc. 
of the University of Liverpool. Prof. Lipson has for 
many years concerned himself with the study of 
X-ray crystallography, and for the past five or six 
years he has concentrated his efforts on the develop- 
ment and application of a new optical technique for 
the interpretation of X-ray spectra, a technique 
which exploits the fundamental similarity between 
X-rays and light. He has designed a spectrometer 
for this purpose, and the instrument and his tech- 
niques have been copied in many other universities 
and research institutions all over the world. It is 
hoped that his Department will shortly be equipped 
with a new and much larger version of this apparatus 
which will materially improve the facilities available 
for this work. It is proposed in the near future, in 
addition, to develop a new section of the Department 
which will concern itself with the study of solid-state 
physics. 


Dr. M. Gordon 


A FELLOWSHIP in textile chemistry in the College 
of Technology, Manchester, was instituted in 1954, 
as the result of a gift by Courtaulds, Ltd., and Dr. 
Manfred Gordon, who has recently been appointed to 
the fellowship, will take up his duties in the summer 





of 1955. The Research Fellow is to be attached 
to the Department of Textile Chemistry with the 
specific duty of engaging in, and encouraging, research 
in textile chemistry. The College has a long tradition 
of research in this field and a new dyehouse has 
recently been built and has been extensively equipped 
with up-to-date machinery for the bleaching, dyeing, 
printing and finishing of cloth. New research 
laboratories have also been provided and furnished 
with apparatus and equipment for the investigation 
of fundamental problems arising in those processes. 
Much of the machinery and apparatus has been 
purchased out of a gift from Messrs. Courtaulds. 
Local industry has not only encouraged this pro- 
vision but is also actively associated in the develop- 
ment of the new facilities. 

Dr. Gordon is a lecturer in the Royal Technical 
College, Glasgow, following lengthy industrial 
research experience in the Chemical Research 
Division of the Dunlop Rubber Co., and is at present 
engaged on research work on high polymer chemistry. 
He brings to this new research post a fund of know- 
ledge of industrial research requirements, and 
acknowledged ability as a director of research 
projects such as those envisaged in the creation of 
the fellowship. 


Fellowships of the College 


Tue College of Technology, Manchester, has 
recently initiated fellowships to be awarded in 
recognition of research carried out mainly by those 
who may have no university degree but possess the 
associateship of the College. A candidate must have 
been an associate for at least three years and must 
present a thesis based on original research, and he 
will be required to present himself for examination. 
Further information can be obtained from the 
Principal, College of Technology, Manchester 1. 


Assistant Director of the U.S. National Science 
Foundation : Mr. J. M. Mitchell 


Mr. James M. MrrcHett has been appointed 
assistant to the director of the National Science 
Foundation, Washington (Dr. Alan T. Waterman). 
Mr. Mitchell’s responsibilities will be largely con- 
cerned with the Foundation’s programme of fact- 
finding studies on scientific activities and man-power 
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in government, industry and universities. He is at 
present deputy assistant secretary of defence. He 
graduated from George Washington University and 
also did graduate work at the University of Michigan. 
He has served as a management consultant, per- 
sonnel officer and administrator in Federal, State 
and local governments. During 1940-48 he was 
executive director of the Civil Service Assembly of 
the United States and Canada, where he also served 
as editor of Public Personnel Review, and was a 
member of the United States Civil Service Commission 
during October 1948-April 1953. He has been a 
lecturer at the University of Michigan, University of 
Chicago and Northwestern University. 


The Patent Office : Mr. H. S. Gilham 


Mr. H. 8S. Gmam has been appointed assistant 
comptroller in the Patent Office to take charge of 
Patents in succession to Mr. J. Norman Brown. Mr. 
Gilham joined the Patent Office staff as an assistant 
examiner in 1920 and, except for secondment on 
duties connected with the Second World War, has 
served continuously in progressive ranks of the 
Patent Office examining staff. He served with the 
Royal Engineers (Special Brigade) and later with the 
Royal Garrison Artillery in the First World War. 
He was educated at Queen Elizabeth’s School, 
Gainsborough, and Queen Mary College, University 
of London (Drapers Scholar). Prior to his present 
appointment, Mr. Gilham was a superintending 
examiner in charge of a division of examining staff. 


A.R.C. Unit of Reproductive Physiology and Bio- 
chemistry 


Tue Agricultural Research Council, in agreement 
with the University of Cambridge, has established at 
Cambridge a Unit of Reproductive Physiology and 
Biochemistry. Dr. T. R. R. Mann, reader in the 
Department of Veterinary Clinical Studies, has been 
appointed director of the Unit. There will be two 
deputy directors, namely, Dr. A. Walton and Mr. 
L. E. A. Rowson. Mr. Rowson is also director of the 
Artificial Insemination Centre of the Cambridge and 
District Cattle Breeders, Ltd.; his services to the 
Unit will, therefore, be part-time. 


Journal of Geophysical Research 


It is reported in the September (59, No. 3; 1954) 
issue of the Journal of Geophysical Research that in 
spite of substantial subsidies, both in time and 
money, it has been found impossible to continue 
to maintain a proper standard of publication without 
considerable monetary loss. Indeed, recently, in 
order to reduce costs, several worth-while articles 
have either had to be refused or delayed substantially 
in publication. Accordingly, it has been decided to 
increase the subscription-rates and page-charges of 
the Journal as from the beginning of volume 60 (1955). 
The new rates are six dollars per annum or two 
dollars for single copies; the page-rate to the 
author’s organization, to cover partial cost of pub- 
lication, is eight dollars. The Journal of Geophysical 
Research, it will be recalled, is the continuation of 
Terrestrial Magnetism and Atmospheric Electricity, 
which had a continued run from 1896 to 1948. It is 
an international quarterly devoted to the fields of 
terrestrial magnetism and atmospheric electricity, 
the ionosphere, solar and stellar phenomena, the 
upper atmosphere, and special investigations of the 
earth’s crust and interior. 
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Chemical-Biological Coordination Center, Wash- 
ington, D.C. 






THe Chemical—Biological Coordination Center of | 


the National Research Council was established on 
July 1, 1946, for research into practical problems 
involved in assembling and making available in. 
formation on chemicals and their varied effects on 
biological systems (including the structures of 
chemicals, and responses of living organisms, or their 
functional units, to chemicals), the fate of chemicals 
introduced into a living system and mechanisms of 
drug action. The Center is also intended to serve ag 
@ repository of information on chemical constitution 
and biological activity, both published and unpub. 
lished or inaccessible data, and to answer appropriate 
questions and to sponsor preliminary testing or 
‘screening’ of compounds in this field. A brochure 
describing the activities of the Center, which is 
responsible to the executive board of the National 
Research Council, Washington, D.C., has now been 
issued by the Council on behalf of the Center (pp. 33; 
1954). Besides a list of staff, of publications, and of 
the screening agencies which carry out the screening 
tests, the brochure describes the operation of the 


Center, including the preparation of the code sheet | 
on which information is recorded for each chemical, | 


the chemistry and biology codes used by the Center | 


and the way in which the punched cards and the 


Center’s files are used for answering questions. The ~ 


type of questions which the Center will attempt to 


answer is clearly indicated: they must be concerned | 


with chemical-biological data or sources of chemicals 
required in biological investigations. | Complete 
bibliographies cannot be provided, and questions 
must be formulated so as to be clear, concise, un- 


ambiguous and to narrow and define the range of 


the search requested. 


Fossil Mammals of Africa 


A RECENT addition to the series of publications 
issued by the British Museum (Natural History) on 
the fossil mammals of Africa is No. 8, “An Annotated 
Bibliography of the Fossil Mammals of Africa 
(1742-1950)”, by A. Tindell Hopwood and J. P. 
Hollyfield (London: Brit. Mus. (Nat. Hist.), 1954. 
45s.). The bibliography is based upon the authors’ 
working list, and is annotated for zoologists inter- 


ested in the comparative anatomy, distribution and ~ 


history of the mammalian faunas of Africa, rather 
than for geologists and archeologists. All species 
mentioned in each publication cited are listed, and 
the locality and geological horizon given ; sometimes 
an author’s opinion is summarized and occasionally 


a direct quotation is given. The writers’ own opinions | 


and comments are concise and informative. 
bibliography is followed by a geographical index from 
which anatomical and zoological papers have been 
omitted unless they are also of faunistic or strati- 


The @ 


graphical interest ; a complete systematic index in | 


which the classification is based, with minor altera- 


tions, upon that proposed by Simpson in 1945; and | 


a nominal index. This carefully compiled guide to 


the literature dealing with the fossil mammals of 


Africa, with its most useful comments, will be 


invaluable to all workers on the subject, and will | 


spare them many hours of plodding literary research. 3 


Soil and Vegetation Maps of the Belgian Congo 


Tux attention of readers is directed to a series of | 
fascicles containing land-usage maps published by | 
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the Institut National pour l’Etude Agronomique du 
Congo Belge—‘‘Carte des Sols et de la Vegetation du 
Congo Belge et du Ruanda-Urundi” (Brussels, 1954). 
Each fascicle contains a soil and a vegetation map in 
colour and an explanatory memoir. In No. 6, which 
relates to Yangambi, the site of the Institute’s main 
research station, the descriptive matter includes an 
account of the geology, geomorphology, climate, 
human and economic geography of the region, 
together with a classification of the several soil series 
and of the principal types of vegetation and a 
bibliography. In another of these fascicles, relating 
to the Mvuasi region in the Bas-Congo, the corre- 
lation between soil and vegetation and the utilization 
of the several classes of soil are considered in some 
detail. 


Marsilea : Experimental Induction of ‘Water’ and 
‘Land’ Forms 


SporELINGS of Marsilea drummondii, grown asept- 
ically in various concentrations of sugars, especially 
glucose, have been investigated morphologically and 
anatomically. The results are important in that they 
shed new light on the factors determining the charac- 
teristic features of leaves in water and land forms 
(A. Allsopp, Ann. Bot., 18, 72, 449; 1954). Corre- 
sponding to the features of the external morphology, 
the anatomy of sporelings from low sugar concen- 
trations (1 and 2 per cent glucose) has many charac- 
teristics of the water forms of amphibious plants, 
while that of sporelings from higher sugar concen- 
trations (4 and 5 per cent glucose) has the charac- 
teristics of typical land forms. It has been shown 
that the ‘water’ forms are not merely reduced forms 
arising by inhibition of the development of a more 
complete land form. In particular, the direction and 
duration of cell-division are different in the rhizome 
apices of the two types of sporeling. The view is 
advanced that the differences between land and 
water forms are not a result of changes in carbo- 
hydrate nutrition, but, in the experimental conditions 
described, arise in response to differences in the 
osmotie concentration of the culture medium, which 
are analogous to the differences in availability of 
water in normal aquatic and terrestrial conditions. 


Laboratory Furnaces 

CaraLocuE No. 558 (August 1954) issued by 
Messrs. A. Gallenkamp and Co., Ltd., 17-29 Sun 
Street, London, E.C.2, describes the wide range of 
electrically heated wire-wound muffle and com- 
bustion types of laboratory furnace now manu- 
factured and available from this Company. The 
Gallenkamp method of construction was originally 
patented in 1914 and, after the patent rights lapsed, 
was copied by many other makers. The design of all 
Gallenkamp furnaces has recently been carefully 
reviewed, and as a result the new catalogue lists an 
augmented range of furnaces, modern in appearance 
and incorporating the latest methods of control but 
maintaining the original features of reliability and 
long life which have made these furnaces so successful 
during the past forty years. Asbestolite, instead of 
sheet steel cases, is now used, and the high-quality 
wire-wound elements are external to the muffles and 
tubes so that they are protected from fumes and 
gases which may arise inside a furnace during 
operation. Muffle furnaces for use at 1,000° C. are 
fitted with a silver temperature fuse to protect the 
winding from accidental overheating. Various types 
of furnaces for general purposes such as incinerations, 
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heat treatments, combustions, ash and fusion-point 
determinations, dental work and vitreous enamelling, 
together with indicating, controlling and recording 
pyrometers are described and illustrated. 


Bibliography of Seismology 

Vou. 14, No. 13, of this important work on pure 
and applied seismology, for the period January—J une 
1953, has recently been received. It is published by 
the Dominion Observatory, Ottawa, and edited by 
W. E. T. Smith, who regularly searches seventy-one 
listed publications. This number of the bibliography 
contains 188 items from all parts of the world, 
including the following items: No. 8163, ‘Deep 
Seismic Sounding in the Earth’s Crust’’, G. A. Gam- 
burtsen (Akad. Nauk. S.S.S.R. Vestnik, No. 4, 
113; 1952); No. 8168, “Predicting the Sites of 
Earthquakes from Seismic and Geologic Data’, I. E. 
Gubin (Priroda, No. 4, 55; 1952); No. 8257, 
“Results of Seismic Observations in Germany on the 
Heligoland Explosion of April 18, 1947”, H. Reich, 
O. Fértsch and G. A. Schulze (J. Geophys. Research, 
56, No. 2, 147; 1951). 


Institute of Personnel Management : Annual Report 
for 1953-54 


THE annual report for 1953-54 of the Council of 
the Institute of Personnel Management (pp. 19; 
from the Institute, London), presented at the annual 
meeting on October 9, 1954, notes the continued 
emphasis on the reduction of costs and the success 
of efforts to stimulate interest in method study and 
work measurement. It claims that the most sig- 
nificant development has been the growth of an 
open-minded approach towards management prac- 
tices, a willingness to analyse existing systems and 
procedures in the light of basic aims and principles, 
and a realization that no existing state of efficiency is 
incapable of further improvement. Much attention 
has been given to the relation between personnel 
management and the needs of industry and commerce, 
and special efforts have been made to develop the 
Information Service. The decision to introduce an 
external examination scheme as a means of qualifica- 
tion for membership marks the culmination of many 
steps taken over the years to realize an important 
object of the Institute. While the Institute itself has 
been unable to undertake research, it has contributed 
to several research projects and has been represented 
on the steering committees discussing three research 
projects being planned by the British Institute of 
Management—on absenteeism, the cost of labour 
turnover, and financial information for employees. 


Medical Research Council Travelling Fellowships 


APPLICATIONS are invited for Medical Research 
Council Travelling Fellowships for the academic year 
1955-56. The Rockefeller Fellowships are intended 
for graduates resident in Great Britain who have had 
some training in research work in clinical medicine 
or surgery, or in some other branch of medical science, 
and who are likely to profit by a period of work at 
a centre in the United States or elsewhere abroad, 
before taking up positions for higher teaching or 
research in the United Kingdom. The Fellowships 
will normally carry a maintenance allowance at the 
rate of 2,700 dollars a year for a single Fellow and 
3,900 dollars for a married Fellow. Provision will 
also be made for travelling and other approved 
expenses. The Dorothy Temple Cross Research 
Fellowships in Tuberculosis are intended to give 
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special opportunities for study or research to suitably 
qualified British subjects of either sex “intending to 
devote themselves to the advancement by teaching 
or research of curative or preventive treatment of 
tuberculosis in all or any of its forms’. The Fellow- 
ships will, as a rule, be awarded to candidates who 
wish to make their studies or inquiries elsewhere than 
in the United Kingdom. They provide for the pay- 
ment of a maintenance allowance at the rate of 
£650 a year for a single Fellow and £900 for a 
married Fellow; in addition, an allowance will be 
made for travelling and other approved expenses. 
Further particulars can be obtained from the Secre- 
tary, Medical Research Council, 38 Old Queen Street, 
Westminster, S.W.1, with whom applications must 
be lodged not later than March 15. 


Oil and Colour Chemists’ Association 


THE 1955 Conference of the Oil and Colour 
Chemists’ Association will be held at Llandudno 
during June 7-11. Most members will be accom- 
modated at the Grand Hotel, where the technical 
sessions, under the general title “Film Structure and 
Adhesion’’, will be held. 

The seventh Technical Exhibition of the Associa- 
tion will be held during March 15-17 at the Royal 
Horticultural Society’s Old Hall, Vincent Square, 
London, S.W.1. Further information can be ob- 
tained from the General Secretary, Oil and Colour 
Chemists’ Association, Memorial Hall, Farringdon 
Street, London, E.C.4. 


The British Instrument Industries’ Exhibition, 1955 


THE third British Instrument Industries’ Exhibi- 
tion will be held at Earls Court, London, during 
June 28—July 9. Concurrently with this Exhibition, 
there is the tenth International Printing Machinery 
and Allied Trades’ Exhibition at Olympia, and in 
view of the rapidly growing importance of instru- 
mentation to the printing industry, visitors to this 
will have the advantage of studying both modern 
printing machinery and the appropriate field of 
instrumentation, including temperature control. 


University of Birmingham 

Dr. T. L. Ispss has been awarded the personal title 
of professor and has been appointed to administer 
the Department of Physics from January 1, 1955, to 
September 30, 1956, in order to release Prof. P. B. 
Moon for duties in connexion with the research pro- 
gramme of the department. 

A grant of £2,000 a year for three years has been 
accepted from the Aero Research Company for 
fundamental work on fluorine compounds in the 
Department of Chemistry. 

The title of University Research Fellow has been 
conferred upon Dr. C. A. Diaz Floris during the 
tenure of his present post in the Department of 
Chemical Engineering. 


Announcements 


WE regret to announce the death on January 30 of 
Sir Edward Mellanby, lately secretary of the Medical 
Research Council, aged seventy. 

Dr. R. A. Lyttieton, of St. John’s College, 
Cambridge, has been awarded the Hopkins Prize of 
the Cambridge Philosophical Society for his work on 
comets and on the stability of rotating liquid masses. 
The Prize, which is of value £90, has been awarded 
every three years since 1867 for work in mathe- 
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matical-physical or related fields. The last recipient 
was the late Sir John Lennard-Jones. 


Str CHARLES Dopps, Courtauld professor of bio- 
chemistry in the University of London and director 
of the Courtauld Institute of Biochemistry at the 
Middlesex Hospital, has been appointed a member 
of the Advisory Council for Scientific and Industrial 
Research, to fill the vacancy caused by the retirement 
of the late Sir Wallace Akers in September 1954. 


Pror. 8. Devons, professor of physics in the 
Imperial College of Science and Technology, London, 
since 1950 (see Nature, 164, 1033; 1949), has been 
appointed Langworthy professor of physics and 
director of the Physical Laboratories, University of 
Manchester. He thus succeeds Prof. P. M.S. Blackett, 
who accepted-a chair in the Imperial College in 
1953. 


Dr. H. M. Stan ey has been appointed controller of 
research and development of the Distillers Co., Ltd., 
in succession to Dr. F. Roffey, who remains technical 
director of the Company and has taken on the 
additional duties of personnel director of the Com- 
pany’s Industrial Group. 


Triyity CoLLeGE, Cambridge, is offering Entrance 
Exhibitions to students of universities in the British 
Commonwealth. These are confined to those who 
propose reading for a B.A. (honours), LL.B. degree 
or a diploma. The awards are not intended for 
research students. Each Exhibition is of the titular 
value of £40 a year. The College is also offering a 
Research Studentship. The value will depend on the 
student’s income from other sources ; if there are no 
other emoluments, the Studentship will be £425 a 
year. Further information can be obtained from the 
Senior Tutor, Trinity College, Cambridge. 


Aw International Ore-dressing Congress will be 
held under the auspices of the Gesellschaft Deutscher 
Metallhiitten- und Bergleute in Goslar (Harz) during 
May 8-11. Further information can be obtained 
from W. Koch, Gesellschaft Deutscher Metallhiitten- 
und Bergleute, Clausthal-Zellerfeld 1 (Germany), 
Postfach 51. 


An International Congress on Materials for Air- 
craft and Guided Missiles will be held in Paris under 
the auspices of the Association pour |’ Encouragement 
& la Recherche Aéronautique during March 28—April 
1. Further information can be obtained from M. P. 
Lefranc, délégué technique, Association pour |’En- 
couragement & la Recherche Aéronautique, 1 rue de 
Courty, Paris 7. 


Tus year is the fortieth anniversary of the pub- 
lication by Prof. Hugh Ryan, of University College, 
Dublin, of his first paper on flavone chemistry. Since 
that time the subject has been actively pursued in 
Dublin under the direction of Profs. T. J. Nolan, J. 
Algar and T. 8. Wheeler. To mark the anniversary, 
University College, Dublin, is organizing a symposium 
on “‘Recent Advances in the Chemistry of Naturally 
Occurring Pyrones and Related Compounds”, to be 
held during July 12-14. The title is to be widely 
interpreted and includes flavones, flavanones, 7s0- 
flavones and coumarins. The Royal Dublin Society 
will consider contributions to the symposium for 
publication in its Proceedings. Further information 
can be obtained from Mrs. Eva M. Philbin, University 
College, Science Buildings, Upper Merrion Street, 
Dublin. 
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THE NATIONAL FOOD SURVEY IN GREAT BRITAIN 


HE Nutrition Society held a symposium at the 

Middlesex Hospital Medical School on November 
20 on the National Food Survey of Great Britain. 
A series of six papers was presented on various 
aspects of the Survey. 

In his opening remarks the chairman, Dr. N. C. 
Wright, chief scientific adviser of the Ministry of 
Food, referred briefly to the purposes for which the 
Survey was started in 1940 and to the changes in 
objective and scope which had taken place since its 
commencement. The Survey was not designed to 
provide information which would enhance scientific 
knowledge in its narrower sense. It was initiated, 
in the climate of the 30’s, against a background 
of the poorer diets which pre-war surveys had 
demonstrated in certain sections of the British 
population; and it was planned to provide ad- 
ministrators with early warnings of any dietary 
inadequacy from war-time shortages or changes in 
dietary pattern—particularly among those who were 
thought to be most vulnerable nutritionally. In 
this context it was assumed that the effectiveness 
of the war-time food policy would be most clearly 
reflected in the food consumption and expenditure 
of urban working-class households. The records of 
such households were published in 1951 as the first 
report of the National Food Survey Committee under 
the title “The Urban Working-Class Household Diet, 
1940-49"! and as a supplement to the first annual 
report of the Committee published in 1952—‘‘Food 
Expenditure by Urban Working-Class Households, 
1940-49”"?, 

With the termination of the Second World War 
and the end of the immediate post-war shortages, it 
became clear that if the Survey was to provide a 
basis for guidance on food policy which would take 
into account the changing circumstances of different 
groups of the population, its scope must be widened. 
Accordingly, in 1950 it was arranged that records 
should be obtained from a complete cross-section of 
the population and thus facilitate, inter alia, the 
identification of any groups the diet of which 
appeared to need attention. 

The results of the Survey for the years 1950-52 
have been published in a series of annual reports 
of the National Food Survey Committee under the 
general title ‘Domestic Food Consumption and 
Expenditure’’*. In the first paper of the symposium, 
W. L. Readman referred to the three annual reports 
as sources of information on technique up to 1952, 
and described improvements in sample design which 
have since been introduced. Addresses are now 
selected from more than a thousand polling districts 
in two sets of thirty parliamentary constituencies 
chosen to ensure correct regional representation. 
The time-tables of interviewers are arranged so as to 
allow opportunity for persistent re-calls on the more 
elusive housewives. Evening interviewing has been 
introduced. These efforts, combined with the dis- 
continuance of a former practice of weighing larder 
stocks, have resulted in an improved response-rate : 
56 per cent compared with 37 per cent quoted in the 
1952 report. The tendency for children to be some- 
what over-represented in the sample has also been 
reduced. Thus, with the new method children aged 
0-9 form 18-9 per cent of the sample compared with 
22-5 per cent in 1950. Mr. Readman also discussed 


the use of the income of the head of the household 
as an indication of social class, and referred to the 
recent checks which have been made on social class 
distribution by reference to the ‘juror index’. He 
gave some information about the coefficients of varia- 
tion of nutrient intake, which have been found to be 
greater for certain vitamins than for other nutrients 
and to decrease as the size of the household increases. 

In the second paper, entitled “Economics, Nutrition 
and Family Food Budgets’, J. A. C. Brown discussed 
the team-work required to conduct and interpret a 
survey of this kind and the place of the economist 
in the team. He suggested that the economist’s task 
is to determine the most important influences affect- 
ing food purchases, and gave estimates of income 
elasticity of the demand for foods in Great Britain 
based on the results of the pre-war Ministry of Labour 
survey and the National Food Survey. He also 
demonstrated the relationship between family com- 
position and food expenditure, and discussed con- 
sumer saturation for different commodities and the 
possibility of using such information as an indication 
of the effects of social policies. 

The third paper, by Miss D. F. Hollingsworth, 
dealt with the nutritional pattern of diet in Britain 
on the eve of derationing. Using the findings of the 
1936-37 Crawford and Broadley survey and of the 
1952 National Food Survey, she compared the pat- 
terns of expenditure in five groups of foods— 
vegetables and fruit; milk and cheese; meats, fish 
and eggs; bread and cereals; and fats, sugar and 
other groceries. She showed that the 1952 pattern 
represented an increase in the proportionate expendi- 
ture devoted to the so-called ‘protective’ foods which 
was exhibited in all social classes: approximately 
one-third was spent on vegetables, fruit, milk and 
cheese ; one-third on meats, fish and eggs; and 
one-third on bread, other cereals, fats, sugar and 
other groceries. She then discussed the trends for 
groups of foods which were not rationed in 1952, 
namely, milk, bread and flour, vegetables and fruit, 
and fish, since it seemed that these might provide 
some indication of possible patterns of food con- 
sumption by different types of households under 
conditions of complete freedom from rationing. 

The next two papers were concerned with more 
specialized aspects of the survey results. In the 
first, A. H. J. Baines and Miss Hollingsworth 
presented data relating to the diets of elderly women 
(aged fifty-five or more) living alone. Milk con- 
sumption was well maintained at a figure above the 
national average. There was a preference for butter 
over margarine, and for mutton over beef—a fact 
which (taken in conjunction with the consumption 
of potatoes and onions) appeared to indicate a 
partiality to stews. The consumption of bread was 
below the national average ; but tea consumption was 
about 50 per cent above it. In the higher age groups 
oatmeal was preferred to other breakfast cereals. In 
line with accepted requirement figures, the total 
energy value. of the diet fell as age advanced, but 
was always well above recommended allowances. 
Intakes of all the remaining nutrients were also above 
the recommended levels, except for iron, which (if 
present requirement figures are accepted) was just 
marginal. In the second of the two more specialized 
papers, Mrs. E. H. Gibson, W. L. Readman and 
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Miss G. M. Warnock discussed food and family size. 

An analysis of the effect of children on food ex- 

penditure had already been published in the 1952 

report of the Survey: in the paper presented at the 

symposium, this analysis was extended to cover food 
consumption. Moreover, by means of regression 
estimates it was also found possible to arrive at 

‘notional’ figures for the food consumption and 

nutrient values of the diets of adults and children 

respectively, and to apply these to families containing 
varying numbers of children. 

In the concluding paper, Dr. I. Leitch, director 
of the Commonwealth Bureau of Animal Nutrition, 
reviewed the day’s proceedings and made comparisons 
between the findings of the pre-war Carnegie survey 
(the welcome publication of which she announced to 
be imminent) and those of the National Food Survey. 
She suggested a number of points in the preceding 
papers which required further examination, men- 
tioning as examples the extent of wastage of food 
in households of different composition and the 
influence of the occupation of the male earner on 
their consumption patterns. She stressed the need 
for further economic analyses of the results of the 
National Food Survey and emphasized its great 
potential value. 

The symposium included two sessions for discussion. 
The first covered a wide range of subjects which 
related chiefly to technique. Points were made on 
methods of assessing social class, the intelligence- 
levels of informants who did and did not co-operate 
in the Survey, the degree of variance in the results, 
the contribution of school meals, the pattern of family 
shopping and the distribution of food within the 
family. The second included more detailed questions 
relating to the later papers, for example, the extent 
to which domestic pets might account for the excess 
of intake over requirements in the homes of elderly 
women, and the extent to which the pre-war Carnegie 
survey results might be directly compared with those 
of the National Food Survey. 

The symposium was thus not only of value in 
giving members of the Nutrition Society a fuller 
picture of the National Food Survey than can be 
gleaned from the published reports. It equally pro- 
vided those responsible for the detailed work of the 
Survey with an opportunity of viewing the results 
against a wider background and of benefiting from 
the lively discussion and constructive criticisms of 
an interested and informed audience. 

1 Ministry of Food, ‘““‘The Urban Working-Class Household Diet, 1940 
to 1949” (London: H.M.S.O., 1951). 

? Ministry of Food, “Domestic Food Consumption and Expenditure, 
1950, with a supplement on Food Expenditure by Urban Working- 
Class Households, 1940-1949” (London: H.M.S.O., 1952). 

* Ministry of Food, ‘““Domestic Food Consumption and Expenditure, 
1951 (London: H.M.S.O., 1953). Ministry of Food, “Domestic 


ae Consumption and Expenditure, 1952” (London: H.M.S.O., 
1954). 


GEOPHYSICAL ASPECTS OF SOLAR 
FLARES 


N recent years the study of solar flares has become 
of interest to geophysicists and astronomers alike. 
To the geophysicist, the subject is of interest chiefly 
because of the direct information it can provide 
concerning the study of solar—terrestrial relationships. 
It was this particular aspect which formed the subject 
of the Geophysical Discussion held at the Royal 
Astronomical Society on November 26, at which the 
chair was taken by Prof. V. C. A. Ferraro. 
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Carrington’s classical observation of a flare wag 
made on September 1, 1859. But solar flares are 
seldom seen in the integrated light of the sun, and 
it was not until methods had been devised many 
years later for observing the sun’s surface in mono. 
chromatic light that a systematic study of solar 
flares was made possible. Since then much informa- 
tion has been obtained, and the Geophysical Dis. 
cussion dealt principally with the geomagnetic, 
ionospheric and radio influences of solar flares. 

Mr. H. W. Newton (Royal Greenwich Observatory) 
described by means of slides the chief characteristics 
of solar flares so far observed. Their basic association 
with sunspots, their sudden appearance and short 
life relative to sunspots, their great extent for those 
of first magnitude, and certain repetitive features are 
of significance in studying their geophysical effects, 
In particular, the distinctive development curve of 


typical flares with its high and brief peak (flash of 


radiation) should be noted. 

Two types of effects are recognizable: (1) from 
solar electromagnetic radiation, producing effects on 
the day hemisphere; and (2) from solar particles 
affecting both day and night hemisphere. The former 
include the geomagnetic crochet, the short-wave 
radio fade-out, the long-wave improved transmission 
and solar ‘noise’. A number of crochets synchronous 
with great flares have been used in conjunction with 
the observed maximum of the visible light (Ha 
usually) to give a time-interval (effective time of 
travel from sun to earth) to the ‘sudden commence- 
ment’ of the ensuing geomagnetic storm. A histo- 
gram, of 5-hourly intervals over the 72 hr. following 
the crochet, shows a distinct peak at the interval 
17-21 hr. The average from all the data was nearly 
30 hr., the most active storms giving a significantly 
shorter interval of 22 hr. These results, Mr. Newton 
concluded, confirm and extend the purely statistical 
relationship between the greater sunspots and the 
greater geomagnetic storms; but flare occurrence 
does not explain a large proportion of the smaller 
storms, namely, those with indefinite onset and a4 
tendency to recur at intervals of twenty-seven days. 
For these storms, the corona has to be invoked, but 
results so far lack coherence. 

Mr. J. 8. Hey (Radar Research Establishment, 
Ministry of Supply, Malvern) described an analysis 
of the distribution across the solar disk of solar flares 
with associated radio bursts at 4 = 4-1 m. In an 
analysis of observations during part of 1946—47, it 
was noticed that radio bursts occurred more fre- 
quently in association with flares on the eastern 
half of the solar disk than on the western half, and 
it was tentatively suggested that the asymmetry 
might be due to absorption in solar corpuscular 
streams. 

Subsequent observations of radio bursts up to 1951 
have confirmed the radio asymmetry. If the sup- 
position that the asymmetry is caused by absorption 
in corpuscular streams is correct, it seems probable 
that a correlation should exist between the dis- 
tribution of radio bursts and high geomagnetic 
activity, which might be taken as an index of the 
arrival of solar particles in the earth’s atmosphere. 

Recent analysis has indicated that the active solar 
regions which produce high geomagnetic character 
figures also have high radio-burst activity ; and if 
the progress of these regions is followed as they cross 
the solar disk, it is found that the radio-burst activity 
is @ maximum to the east, falls toward central 
meridian, and rises again slightly on the west. How- 
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ever, 28 the anomalous distribution of radio-burst 
activity tends to occur for all values of magnetic 
activity, the absorption is not restricted to regions 
fom which corpuscular streams have sufficient 
velocity to reach the earth. 

The question then arose as to whether the asym- 
metry in the distribution of visual solar flares might 
be caused by optical absorption, since it is feasible 
that both radio and optical absorption effects could 
occur. Analysis of distribution of solar flares observed 
in Ha during the years 1947-50 showed that the 
asymmetry was more marked when those flares 
occurring within a few days of high geomagnetic 
activity were selected. The results strongly suggest 
that the asymmetry both in the distribution of flares 
and in radio-bursts associated with flares is an 
absorption effect, which is emphasized by the 
selection of observations in close relation to high 
geomagnetic activity. 

- Dr. M. A. Ellison (Royal Observatory, Edinburgh) 
dealt with the flash of ultra-violet radiation generated 
by a flare giving rise to sudden disturbances in the 
terrestrial ionosphere, known collectively as S8.I.D.’s. 
These disturbances are confined to the illuminated 
hemisphere of the earth and may be recorded in a 
variety of ways. We do not yet know what wave- 
lengths are involved. We speak of the S8.I.D.’s as the 
‘simultaneous effects’ of flares. But, in fact, accurate 
timings show that they are not quite simultaneous 
with the flash of visible radiation, as observed in Ha 
light; there is a lag of some minutes between the 

of the flare and the maximum of the ionization 
which results from it. 

The extra ionization caused by a flare is believed 
to be confined to the D-layer, in the level 60-90 km. ; 
and the study of the various time-delays yields 
valuable information about the processes which occur 
in this region. 

The 8.1.D.’s are recorded in the following ways : 
(1) crochets in terrestrial magnetism (conductivity 
effect); (2) short-wave radio fade-outs (S.W.F.) 
5-15 Mc./s. and cosmic noise fade-outs (S.C.A.) 
18 Mc./s. (absorption effects); (3) sudden phase 
anomalies (S.P.A.) of very long radio waves 16 kc./s. 
(lowering of D-layer reflecting ceiling); (4) sudden 
enhancements of atmospherics (S.E.A.) 27 ke./s. 
(improved reflectivity of D-layer at oblique incidence) ; 
(5) sudden anomalies in the field-strength (S.F.A.) of 
a distant 16-ke./s. transmitter (interference between 
ground-wave and sky-wave from D-layer). 

At Edinburgh the development curves of the 
8.I.D.’s have been compared with those of the flares 
which generate them. The development curve of a 
flare consists of a plot of Ha line-width, or of central 
intensity, versus time. Either method yields the 
same values for the times of beginning, maximum 
and end of the flare. The results for the time-delays 
are as follows : 

8.1.D, max.-flare max. 


( srochets 2-5 min. 
(3) S.P.A. 5 

(4) S.E.A. 
(5) S.F.A, 


1) 
3) 
4) 
5) 


The standard error in each case is of the order of 
l min. In addition, it was found that after an intense 
flare (Class 3 or 3+) the ionization in the D-region 
does not return to the pre-flare value for a period 
of the order of 1 hr. after all visible radiation has 
ceased. 

It is natural to suppose that the intensities of the 
visible and ultra-violet wave-lengths in the flare 
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radiation follow the same course of rise and decay 
with time, even though only the former can be 
directly observed. It was therefore assumed that the 
observed time-delays are to be interpreted as 
‘relaxation times’, due to the sluggishness in the 
response of the D-layer to the increase in ionizing 
radiation. 

It follows from this that the number of free elec- 
trons at this height increases during a flare by five to 
ten times the normal value. This result is in good 
agreement with the value derived by Appleton and 
Piggott from the increase of absorption which is 
observed during a short-wave fade-out. 

The relatively small time-delay for the maximum 
of the crochet is a most significant feature ; it appears 
to indicate that the crochet currents do not flow at 
the same level (70-75 km.) as that in which the 
sudden enhancement of atmospherics and sudden 
phase anomalies effects originate. It is now generally 
believed that the S, currents, responsible for the 
magnetic daily variation, flow at a height of 100- 
120 km. The crochet currents are in the same 
sense as the Sg currents flowing at the time and 
appear as an enhancement of these currents. But 
this does not necessarily mean that both are located 
at the same level. Referring to his 1950 paper, 
Dr. Ellison remarked upon the following facts: 
(1) Crochets are associated with intense flares (Class 
3+ and 3, and only rarely with Class 2 flares). 
(2) The radiation from lesser flares (Class 1 and most 
Class 2) is known to produce ionization at heights of 
70-75 km., as shown by the associated sudden 
enhancement of atmospherics and sudden phase 
anomalies. This radiation must have traversed the 
E-layer, yet it produces no increase in conductivity 
(that is, no crochet is observed). (3) The crochet_ 
only occurs during deep ionization of the D-layer, 
that is, when the 15-kc./s. reflecting ceiling for sudden 
phase anomalies falls from 75 km. to about 65 km. 
or lower. (4) Only the more intense fade-outs (about 
one in three) are accompanied by crochets. (5) The 
duration of the crochet is much less than the duration 
of the ionization in the 70-90 km. level, as recorded 
during the same flare by radio methods. This 
indicates a higher recombination coefficient, that is, 
lower level. 

For these reasons Dr. Ellison concluded that the 
crochet currents must be the result of an increase in 
conductivity at a low level of about 60-70 km. 

Again, the crochet currents associated with an 
intense flare are such as to indicate an increase in 
conductivity by a factor of less than 2, if we assume 
that they are caused by simple enhancements of the 
existing Sz currents, On the other hand, the fade-out 
absorption during a flare shows that the electron 
population in the absorbing layer (70-90 km.) under- 
goes an increase of five to ten times. This fact, 
together with the short time-delay for crochets and 
the absence of crochets in association with lesser 
flares, suggests that the 70-90 km. level does not 
make an appreciable contribution to the crochet 
current-system. 

The evidence, therefore, points to the formation of 
crochets through the establishment of an independent 
current system in the base of the D-layer, the ioniza- 
tion at this level (~ 60 km.) being enhanced only 
during an intense flare. 

Dr. K. Weekes (Cavendish Laboratory, Cam- 
bridge) next discussed the ionization produced in the 
ionosphere during a solar flare. From observations 
of the changes of height of reflexion and absorption 
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of waves of radio-frequency near 2 Mc./s. and from 
the sudden phase anomalies observed with very long 
radio waves, Dr. Weekes stated that it is possible to 
make deductions about the distribution with height 
of the ionization produced during the solar flare. 
These lead to the conclusion that the greater part of 
the extra ionization is produced in the lower E-region 
between 95 and 100 km. The increased absorption 
appears to be due to a more or less independent 
production of ionization near 70 km. which also gives 
rise to the effects observed with very long waves. 

The variation of the various phenomena with time 
allows tentative deductions about the ionizing radia- 
tion and about various parameters in the ionosphere. 

Finally, Dr. H. Elliott (Imperial College of Science 
and Technology, London) discussed the increases of 
cosmic rays observed during intense solar flares. He 
first remarked that during the past seventeen years 
there have been four occasions on which increases 
in cosmic ray intensity have been observed at a 
number of widely separated stations at the time of 
an intense solar flare. The magnitude of the increase 
depends on latitude, local time and height above sea- 
level. On none of these occasions was any increase 
observed at Huanayo near the geomagnetic equator, 
and this leads to the conclusion that the primary 
particles responsible for the increase are charged and 
have a maximum energy rather less than 10!° eV. In 
addition to these large increases, which have amounted 
in some cases to more than 100 per cent, it has now 
been established that smaller increases of the order 
of 1 per cent occur at the time of less intense flares. 
Assuming that the primary particles come from the 
sun, the impact zones on the earth can be calculated 
by taking into account the deflexion im the earth’s 
magnetic field. Firor has shown that there is rough 
agreement between the observed and calculated 
intensity distribution over the earth, which indicates 
that the particles come from a region on or near the 
sun. 

In the short discussion that followed, Prof. Ferraro 
directed attention to the interest for the theorist of 
Dr. Ellison’s conclusion that the crochet currents 
flow at a level of about 60-70 km. For the question 
now arises as to whether one can account for the 
electromotive force needed to drive the crochet 
currents. Attention was also directed to the fact 
that no corpuscular radiation associated with solar 
flares other than that with speeds of about 10* cm./s. 
and 107° cm./s. has so far been detected. We must 
await further developments to see whether this is, in 
fact, the case, or whether there is a continuous 
velocity spectrum in the corpuscular radiation 
ranging from about 10° cm./s. to 10! cm./s. 

V. C. A. FERRARO 


FIELD-EMISSION AND SURFACE 
PHENOMENA 


SYMPOSIUM AT PITTSBURG 


SYMPOSIUM dealing with field-emission and 

surface phenomena was held at the Mellon 
Institute, Pittsburg, Pa., during November 10-12, 
and was attended by about eighty members. A 
banquet was held at the University Club, at which 
the guest speaker was Dr. W. E. Schoupp, director of 
development, Westinghouse Atomic Power Division, 
who spoke on power sources of the future. Dr. M. M. 
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Wachtel (Westinghouse) was chairman of the Sym. 
posium Committee responsible for the excellent 
conference arrangements. 

The first session, devoted to field-emission and 
electrical breakdown, was opened by a paper by F, 
Llewellyn Jones (Swansea, Wales) on problems of the 
cold liberation of electrons and discharge initiation, 
With fields ~ 10° V./cm., two liberation mechanisms 
are found. One is dependent upon the presence of 
sites, for example, negative ions of water molecules, 
from which detachment occurs under the electric 
field; the removal of water vapour practically 
eliminates the emission. The other mechanism arises 
after the passage of a discharge, and apparently 
involves cold emission in a field enhanced by positive 
ions at a cathode tarnish layer; the role of such 
films was discussed. E. W. Mueller (Pennsylvania 
State) discussed emission due to momentary stripping 
of adsorption layers of barium, thorium and sodium 
with high electric fields up to 375 MV./cm. (field 
desorption). The field is sharply defined for any 
given adsorbate and depends on the crystallographic 
structure of the substrate. Auto-ionization can occur 
before the molecules touch the metal, and continuous 
field ion emission is made possible by surface migration 
to the emitting area. Application to mass-spectro- 
metry was indicated. L. H. Germer (Bell Labor. 
atories) discussed the role of field-emission for the 
extreme cases of breakdown under very high gas 
pressure and also in vacuo. For the former, the 
mechanism proposed is the field-emission of electrons 
following the Fowler-Nordheim equation in a field 
enhanced by the presence of positive ions near the 
cathode, the effective increase in the secondary 
coefficient _~ thus corresponding to a lower sparking 
potential in the breakdown criterion. For vacuum 
breakdown, vaporization of the anode is suggested 
with ionization of the vapour atoms, the resulting 
positive ions enhancing the field of the cathode to 
produce field-emission. Experiments on a formative 
time-delay of high-vacuum sparks were described by 
H. G. Heard (California) using a pulse which rose in 
6-6 x 10-!° sec. and of duration ~ 5 x 10-* sec. It 
was found that initiation of a vacuum spark depends 
on two effects: a current precursor, and its subsequent 
rise. The measured delays cannot be reconciled with 
any clumping or cathode heating mechanisms. 

The next session dealt with electron and ion 
sources. The production of high-energy electron 
beams was described by L. Marton and R. A. Schrack 
(National Bureau of Standards). Field-emission offers 
an attractive source for certain electron optical 
applications; for high brightness and small virtual 
areas make field-emitters more effective than 
thermionic sources when spots less than 0-3 micron 
are desired. Application to small X-ray sources, 
electron-probe micro-analysis, and to the determina- 
tion of composition and orientation in the micro- 
crystalline structure of metals was described. A 
paper entitled ‘“‘Can One Observe Individual Atoms 
and Molecules in the Field Emission Microscope ?” 
was read by J. A. Becker (Bell Laboratories). The 
discussion was concerned with the origin of very 
bright spots on the screen of a field-emission micro- 
scope, from the behaviour of which it is concluded 
that they originate in individual atoms or molecules 
adsorbed in a special state. M. G. Inghram and R. 
Gomer (Chicago) described a mass spectrographic 
analysis of the ions formed in hydrogen (and other 
gases) in the Miiller field-ion microscope; the peak 
width for mono-energetic 10,000-V. ions was 20 V., 
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iving @ resolution within 3 A., using currents as low 
as 10° amp. It was suggested that the technique 
has application, for example, to the investigations of 

entization processes on metal catalysts. 

The third session dealt with the investigation of 
surface phenomena using the field-emission micro- 
scope. Further discussion on adsorption and on the 
mobility of oxygen on tungsten was given in a paper 
by R. Gomer and J. K. Hulm (Chicago). Oxygen in 
the monolayer is not mobile below 450° K., and 
becomes & two-dimensional gas only at temperatures 
exceeding 700° K. The layers formed at low tem- 
peratures do not form at room temperatures. No 
changes in the chemisorbed layer are produced by 
heating in high vacuum to temperatures up to 600° 
K. Studies of the reaction of oxygen were described 
by E. A. Gulbransen (Westinghouse). Transmission 
optical methods have application in studies of 
chemical and physical reactions on metals as well as 
of the study of fine details of the substructure of the 
metal itself. A. T. Gwathmey (Virginia) described 
work on the nature of a metal surface as determined 
with the aid of large single crystals in the form of a 
surface exposing all possible faces, and also in a form 
of a flat surface exposing only specific faces. Study 
of surface processes such as etching, wetting, electro- 
deposition, and friction and wear, confirm the 
dependence of surface properties on crystal face. 
Oxidation of a copper crystal was shown on a 
coloured ciné film. P. W. Kruse (Notre Dame and 
Farnsworth) and E. A. Coomes (Notre Dame) 
described a study of the kinetics of strontium oxide 
on molybdenum. The pattern obtained on a heat- 
treated molybdenum point corresponds to that 
proposed for clean tungsten by Becker and by Muller. 

The conference closed with a series of papers from 
Linfield College, Oregon. The stability of electron 
emission from metals in the combined presence of 
high surface electric field and elevated cathode 
temperature (7—F emission) was discussed by W. P. 
Dyke; and experiments using temperatures of 
2,000° K. for tungsten were described, evaporation 
and surface migration being used to obtain a smooth 
clean surface. Stability of the field-emitter was 
discussed by E. E. Martin ; instability can be due to 
the action of helium atoms, which diffuse through 
the tube envelope ; the effect is removed by using 
an evacuated buffer space. Emission of current 
densities ~ 5 x 10° amp./cm.? from a single lattice 
step of clean tungsten was observed by J. K. Trolan 
using @ pulse technique. W. W. Dolan described the 
dissolution of individual lattice planes made visible 
by the technique of high surface electric field and 
high cathode temperature, thus permitting a new 
approach to the study of transport mechanism at the 
emitter surface. F. LLEWELLYN JONES 


CHROMATOGRAPHY 


N anonymous American Fulbright scholar, in a 

generous appreciation of his visit to the bio- 
chemistry department of an English university, 
wrote as follows: “It is certainly not entirely a 
misfortune that English laboratories to-day are much 
less lavishly equipped than those in the United 
States. For example, one of the most important 
advances of recent years has been the use of the 
method known as paper chromatography. To operate 
this method, one needs only a strip of moistened 
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filter paper, suitably mounted in a box, and a few 
substances that can be bought from any dealer in 
pure chemicals. Yet by this technique complicated 
mixtures of numerous differenu amino acids or other 
substances can be sharply separated into their com- 
ponents, and then identified, even when separation 
by the methods of classical chemistry was impossibly 
tedious and ineffective. The method has come rapidly 
into use all over the world, for countless different 
kinds of problems. It is almost certainly no accident 
that this method was developed in England in the 
midst of all its shortages, toward the end of the war, 
rather than in the far more opulent United States” 
(Report on Fulbright Program, 1951-52, p. 23). 
However this may be (and one would not like to 
have the argument accepted too readily by those 
responsible for financing the universities), it is fair to 
say that British workers have been pioneers in the 
modern development of chromatography in its 
various aspects, and it is appropriate that the British 
Medical Bulletin, which is sponsored by the British 
Council, should publish a survey of this subject 
(Vol. 10, No. 3, pp. 161-252. London: British 
Council. 15s. net). 

Dr. C. E. Dent acted as scientific editor, and there 
are articles by nineteen authors who are all experts 
in their respective fields. Dr. A. J. P. Martin, who, 
jointly with Dr. R. L. M. Synge, received the Nobel 
Prize in 1952, was chairman of the planning com- 
mittee and he writes the foreword. He outlines the 
immensely wide scope of chromatography, which has 
become an indispensable tool in almost all fields of 
biochemistry, and he ends by trailing his coat with 
the words, “I hope that chromatography may 
ultimately play some part in the process, which I 
believe to be wholly desirable, of the conversion of 
medicine from an art to a science’’. This is followed 
by a section on general principles of chromatography 
by Dr. R. J. P. Williams. For the benefit of new- 
comers to the subject, this might perhaps have been 
made a little more ‘general’ even at the risk of some 
overlapping with other articles. A large proportion 
of the limited space of this introductory section is 
devoted to gradient analysis, which is a rather 
specialized type of technique. There follows a 
brilliant chapter by Drs. A. T. James and A. J. P. 
Martin on gas-liquid chromatography, a technique 
which can be used to separate and estimate the 
members of a homologous series of substances such 
as hydrocarbons, alcohols, fatty acids, etc. This 
technique has a very wide scope and it is likely that 
in time it will completely replace analytical dis- 
tillation. Some indication is given of the devices of 
these authors for estimating and automatically 
recording the substances after separation, devices 
which are elegant and ingenious in the extreme. 

There are many references to adsorption chromato- 
graphy and to ion exchange resins; but the main 
part of the volume is devoted to paper chromato- 
graphy, starting with Dr. R. Consden’s introduction, 
which is full of useful practical tips based on his wide 
experience as a pioneer in this technique. There 
seems to be a slip in the statement (p. 182) “‘if the 
Rr is too high in one solvent, a lower [sic] homologue 
may prove satisfactory’’. Other sections include the 
chromatography of inorganic substances, organic 
acids, proteins, peptides, amino-acids (dealt with in 
three sections), porphyrins, sterols, antibiotics and 
vitamins, carbohydrates and phosphoric esters. This 
last section, by Dr. F. A. Isherwood, is outstandingly 
good, as is Dr. R. Markham’s review of nucleotide 





246 NATURE 


work, with a mass of useful information compressed 
into a small space. Dr. J. Gross deals with the thyroid 
hormones and includes an account of the recent 
discoveries which he and Mrs. R. Pitt-Rivers have 
made on the various iodine compounds in the thyroid 
gland and in the blood. Much of this important work 
would have been impossible without the use of paper 
chromatography in combination with tracer tech- 
nique using radioactive iodine, which permitted 
analyses to be made on an ultra-micro scale. This 
article, and the one by Drs. C. E. Dent and J. M. 
Walshe on amino-acid metabolism, are of direct 
medical appeal. 

Some of the articles contain a good deal of hitherto 
unpublished work, and each includes a bibliography 
which greatly adds to the value of the publication. 
Incidentally, references to Nature, which is being 
regularly used as a forum for the recording and 
exchange of new chromatographic procedures, appear 
frequently in these bibliographies. It seems a pity 
that all the illustrations in a volume entitled 
“Chromatography” should be produced in black-and- 
white. Some private journals, notably Endeavour, 
have shown what zsthetically pleasing results can be 
achieved by the use of colour in illustrating chromato- 
graphic techniques, even if, from a purely scientific 
point of view, the gain does not justify the large 
extra cost. No worker who is interested in chromato- 
graphy, whether beginner or expert, can fail to 
benefit from reading this admirable publication. It 
is likely to be used on the laboratory bench as well 
as in the library, and it deserves to be protected from 
accidental ‘paper ams sta by, being given a 
permanent binding. . Harrison 


THE EXPANDING UNIVERSE 


SLIGHTLY modified version of a talk given by 

G. J. Whitrow in February 1953 in the B.B.C. 
Third Programme has now been published as a 
paper under the title of ‘““‘The Orthodox Theory of 
the Expanding Universe’ in the October issue of 
Occasional Notes of the Royal Astronomical Society 
(17, 3; 1954). A fairly large portion of the talk 
is concerned with a work by Paul Couderc, a French 
astronomer, which appeared in a French edition in 
1950 and was translated into English by J. B. 
Sidgwick under the title “The Expansion of the 
Universe” (1952). The first part of the talk gives a 
very useful résumé of the developments in our 
knowledge of the universe during the past thirty 
years, in which period it was accepted that the 
universe extends far beyond the limits of our galaxy, 
and also that the red shift strongly suggested the 
recession of the extra-galactic nebula, all of which 
were moving away from one another. The talk then 
considers other interpretations that have been given to 
the displacement towards the red end of the spectrum, 
dealing in particular with various matters connected 
with Couderc’s book. 

This book is recognized as a very useful con- 
tribution to cosmology in so far as it provides us 
with a simplified account of the mathematical theory 
of the expanding universe ; but in recent years some 
British cosmologists have advocated’a new theory 
based on the hypothesis of the continuous creation 
of matter. Differences of view arise regarding the 
form in which this new matter emerges. C. Pascual 
Jordan advocates the formation of super-giant stars ; 
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but other cosmologists who challenge this view have 
put forward the conception of new matter appearing 
in the form of hydrogen molecules or even neutrons, 
and the density of the universe remains constant, 
the decrease in density which would result from the 
recession of the galaxies being exactly balanced by 
the continuous creation of matter. As might be 
expected, these theories have been subjected to 
severe criticisms; nevertheless, they are able to 
claim one strong argument in their favour—that 
they allow more time for stellar evolution than the 
older orthodox view which led to a conception of the 
earth being older than the galaxies. This argument 
is no longer valid since Baade’s announcement about 
the wrong ‘calibration’ of the distances of the Cepheid 
variables (the investigations of Thackeray and 
Wesselink on the distance of the Magellanic Clouds 
have corroborated Baade’s conclusions); now it 
seems that it must have been about four thousand 
million years ago since the universe started expanding, 
and in addition, the distances of the extra-galactic 
nebulz must now be taken as twice those previously 
estimated. 

Whitrow concludes with an expression of disagree- 
ment with Coudere’s acceptance of the two funda- 
mental hypotheses at the basis of the ‘orthodox’ 
theory of the expanding universe; these are that 
the red shifts are due to the Doppler effect associated 
with recessional motion, and also that the laws of 
Einstein’s general theory of relativity, either with or 
without the idea of cosmical repulsion, govern the 
structure of the universe as a whole. He thinks that 
neither of these is on such firm foundations as 
Coudere believes; but in spite of this disagreement 
he speaks highly of the latter’s book which, on p. 213, 
seems to express & little doubt on the inadequacy of 
some of his own arguments. “Everything possible 
has been extracted from existing observations ; until 
the appearance of new data we would be wise to give 
our imaginations a rest.” To this remark Whitrow 
makes the very relevant reply: “. . . if such advice 
had been accepted by Copernicus he would never 
have ventured beyond the Ptolemaic theory’’. 


RECENT MOLLUSCA OF 
CANADA 


HE great extent of Canada has resulted, and 

will probably long result, in its molluscan fauna 
being studied in four separate areas: the Eastern 
Provinces, British Columbia, the Arctic region based 
on Hudson Bay, and the Prairie Provinces. In the 
first three, marine, freshwater and land forms are 
involved, but in the fourth only freshwater and land. 
Partly for this reason and also because many of the 
species were first described from other countries, the 
literature involved is extensive and scattered. 

A very useful service in rendering this literature 
and its results available for the whole of Canada has 
been performed by the publication of Bulletin No. 129 
of the National Museum of Canada, entitled “‘Cata- 
logue of the Recent Mollusca of Canada”, by Dr. 
Auréle La Rocque (Biological Series No. 44. Pp. 
ix+406. Ottawa: Queen’s Printer, 1953; 2.50 
dollars). It fills a very obvious gap, for it provides a 
list of the accepted species and forms that have so 
far been recorded, numbering about 2,250. The 
author has wisely included forms that have actually 
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only been described from adjacent seas and land 
areas, Where it may reasonably be inferred that more 
extensive collecting will lead to their being found 
within the strict territorial limits. Under each form 
are given the original reference and, where known, 
the type locality, references to papers containing 
further data, and the known range. A complete 
synonymy is not given for any species; but it can be 
obtained from the references. In some instances one 
or, more rarely, two synonyms in use in previous 
Canadian records are provided. Future collecting 
will no doubt add to the list considerably ; but it will 
also be liable to reduce it when the method adopted 
by Hubendick for Lymnaea peregra is applied to some 
of the freshwater forms. The number of species of 
sme genera, for example, Odostomia from the 
Pacific coast, that are only known from the one 
record from the type locality, implies that more 
extensive collecting will show some of them to be 
members of highly variable rather than separate 
8 1es. 

Pwo minor points suggest that a more careful 
check of dates might have been made: for example, on 
p. 2, the author states that it is unnecessary to give 
references to the original founding of genera because 
they are given by Neave (1935), but, as correctly 
cited in the bibliography, the earliest date of Neave 
is 1939; the date of Mozley’s paper on Stagnicola 
traskit castorensis is given as 1930 in the text, but 
1931 in the bibliography. However, on the whole 
there is nothing but praise for this well-printed and 
well-presented catalogue, which could only have been 
prepared so satisfactorily by one like Dr. La Rocque, 
who combines critical enthusiasm with a long per- 
sonal acquaintance with his subject. 


INFLUENCE OF MONOLAYERS 
ON THE NATURAL RATE OF 
EVAPORATION OF WATER 


By W. W. MANSFIELD 


Division of Industrial Chemistry, Commonwealth Scientific 
and Industrial Research Organization, Melbourne 


OR many years it has been known that the 

presence on water surfaces of monolayers of a 
number of long-chain compounds or of layers of 
appropriate oil mixtures may restrict the evaporation 
of water’»?. Apart from this property, a film suitable 
for reducing natural evaporation from water storages 
must resist the actions of wind and dust, must be 
reasonably permanent and capable of ready and 
economic application, should not restrict markedly 
the access of air and sunlight to the water, and must 
not be toxic. In this communication there are sum- 
marized a number of results which indicate that 
monolayers of cetyl alcohol satisfy these require- 
ments. 

A tion of wind and dust. In this laboratory it has 
been found that rigid films, such as monolayers of 
long-chain fatty acids or oil layers containing appro- 
priate additives, are damaged by both wind and dust. 
As the rigidity of the film also hinders repair, the 
ability to retard evaporation is lost rapidly. 

With more fluid oil films, the inevitable reversion 
to the system of lenses in equilibrium with a mono- 
layer is hastened by wind and dust. A monolayer of 
this type of film does not offer great resistance to 
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the transfer of water vapour, and the restriction 
provided by the lenses is reduced markedly by 
settled dust. Accordingly, under natural conditions 
the efficiency of such systems decays rapidly. 

Provided excess crystals of the solid from which 
it is derived are available, the efficiency of a liquid 
monolayer, such as that formed by a long-chain 
alcohol, is unimpaired by the action of wind. It has 
been observed also that the performance of this 
system is not diminished by bombardment with 
dust ; in fact, the resistance to transfer of vapour 
is increased temporarily. Only materials such as 
powdered tale and carbon, capable of remaining on 
the surface for some time, cause a decline in efficiency. 
The occurrence of considerable proportions of these 
substances in natural dust is not common. 

Performance of monolayers. The resistances offered 
to the transfer of water vapour by a number of 
monolayers, formed on still surfaces by spreading 
from the solid, have been determined. The apparatus 
used resembled that described by Langmuir and 
Schaefer’. It has been found that straight-chain 
alcohols generate monolayers providing greater 
retardation than those formed from alcohols con- 
taining branched chains or ring skeletons within the 
molecule. For the straight-chain alcohols, most 
efficient restriction is obtained with monolayers of 
cetyl or stearyl alcohol. At room temperature, these 
two films exhibit very similar behaviour, offering a 
resistance to vapour transfer about 1,600 times 
greater than that of a clean water surface, for which 
an accommodation coefficient of 0-036** has been 
assumed. The accommodation coefficient of mono- 
layers does increase with temperature, however ; for 
cetyl alcohol the rise is from 2:2 x 10-5 at 20° C. to 
7°9 x 10-5 at 50° C. 

Out of doors, the laminar layer of air above a 
water surface provides a resistance which is normally 
about eight hundred times that of the water surface 
alone. The presence of a monolayer of cetyl alcobol 
results in a total resistance which is three times 
greater ; accordingly, the monolayer should reduce 
natural evaporation by about 70 per cent. Any 
reduction in evaporation, however, promotes an 
increased surface temperature. The consequent com- 
pensation, the extent of which varies with the wind 
velocity, the depth of water and the radiation 
received by the water, is not excessive for average 
conditions. A previous conclusion® that this com- 
pensating effect prevents significant control of 
evaporation is quite incorrect ; it was influenced by 
poor results obtained with imperfectly developed 
monolayers spread on small and shallow samples of 
water. The construction of heat balances, somewhat 
after the manner of Ferguson’, predicts a mean 
reduction of about 45 per cent for normal summer 
conditions in inland southern Australia. 

Diminution of evaporation to this extent admittedly 
is not spectacular, but may be achieved without any 
significant decrease in the rate of access of oxygen or 
other gases to the water, and also without hindering 
the penetration of light. Severe restriction of 
evaporation by a film alone should be avoided, 
because the influx of oxygen may be retarded 
sufficiently to promote stagnation. Similarly, the 
combined use of floating reflecting surfaces and a 
monolayer® inhibits evaporation to a much larger 
extent than does a monolayer alone, but the entry 
of sunlight is restricted also. 

Attainment of optimum performance. The estimates 
presented are based on results obtained for a mono- 
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layer in equilibrium with the solid, that is, at a 
surface pressure of 40 dyne cm.-!. The true surface 
area of a natural stretch of water varies continuously, 
engendering a variable surface pressure of a mono- 
layer spread on it unless means of replenishment and 
storage are available. Compression of a liquid mono- 
layer forces rapid crystallization of excess molecules, 
so that the existence of surface pressures greater 
than 40 dyne cm.-! may be disregarded. On the 
other hand, expansion of a monolayer produces 
marked degeneration of surface pressure ; an expan- 
sion of 10 per cent is sufficient to lower the pressure 
from 40 dyne cm.-! to practically zero. It follows 
that the mean pressure on a disturbed surface will 
always be less than 40 dyne cm.-! unless an adequate 
method of replenishment is provided. As _ the 
restriction offered to evaporation decreases rapidly 
with decrease of surface pressure*»*, such provision is 
necessary. The presence of excess solid material, 
stored in suitably designed rafts when necessary, 
constitutes a convenient reservoir. 

The efficiency of these reserves is proportional to 
the total perimeter of the solid in contact with the 
water surface and the rate of liberation of molecules 
from unit perimeter of the solid, and is inversely 
proportional to the area of the stretch of water. 
Accordingly, the measurement of rates of spreading 
and the determination, from the data of Sverdrup 
and Munk*, of the maximum rate of disturbance of 
natural water surfaces has permitted estimation of 
the amounts of cetyl alcohol for maximum per- 
formance. 

The estimates indicate that for pure crystalline 
cetyl aleohol a perimeter/area ratio of 10-* cm.-! 
should be ample for most applications, greater doses 
being required only in areas of abnormally high mean 
wind velocities or when small dams are treated. For 
particles about 3 mm. in diameter and 0-5 mm. thick, 
@ concentration of 3 cwt. mile-* is sufficient. 

Samples of cetyl alcohol possessing spreading rates 
very much greater than that of pure crystalline cetyl 
alcohol may be prepared readily. Enhancement 
follows from the existence of a high-energy, amorphous 
surface or from the presence of homologous alcohols 
of lower molecular weight. In contact with water, 
however, the rate of spreading of such materials 
decreases. Consequently, for the estimates mentioned 
above, the minimum rate has been assumed. 
Similarly, the replenishing ability of the aggregates 
produced by relaxation of a previously disturbed 
surface has been ignored. 

The achievement of optimum performance requires 
also that the concentration of deleterious impurities 
within the cetyl alcohol used is low. Long-chain 
unsaturated alcohols such as oleyl alcohol must be 
removed, because monolayers rélatively permeable 
to water vapour are spread rapidly from these com- 
pounds. Experiments in this laboratory indicate 
that a sample of cetyl alcohol is sufficiently pure if 
the solid is white and the molten material quite 
colourless, and if the melting point of the preparation 
lies between 47° and 51° C. 

Field-trials. The limited trials conducted to date 
have provided encouraging results. Between Sep- 
tember and December 1953, Mr. W. C. Swinbank, of 
the Section of Meteorological Physics, Commonwealth 
Scientific and Industrial Research Organization, 
continuously obtained restriction of evaporation 
from a vessel about 18 in. in diameter and 3 ft. deep, 
using a single pellet of cetyl alcohol to give a 
perimeter/area ratio of about 1-5 x 10-* cm.-!. By 
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comparison with the behaviour of water held in an 
adjacent and identical vessel, it was estimated that 
about 6 in. of water was saved during the period, 
The temperature near the surface of the treated 
water was always greater than that of the control, 
the increment varying with conditions from 0-2 to 
3 deg. C. 

Dusting a surface with cetyl alcohol powder 
initially engenders marked control of evaporation, 
With the passage of time, however, agglomeration 
of the powder occurs and decreased efficiency results, 
During September 1953, the evaporation from vessels 
12 in. in diameter and 18 in. deep was reduced by 
75 per cent for the first week, by 45 per cent for the 
second week, whereas no significant retardation was 
observed thereafter. In this instance the mean 
evaporation from the control was 0-8 in. per 
week. 

Subsequent experiments in similar vessels, using 
pellets of cetyl alcohol of known perimeter, revealed 
that maximum control of evaporation is not attained 
in vessels of this size unless the perimeter/area ratio 
exceeds 5 x 10-° cm.-!. When sufficient cetyl alcohol 
was available, evaporation was reduced by an average 
of 48 per cent for various periods between October 
1953 and January 1954, with a mean evaporation 
from the control of 1-5 in. per week. 

Early in November 1953, the surface of a reservoir 
at Woomelang, Victoria, and extending over two 
acres, was treated with pellets of cetyl alcohol sup- 
ported by rafts constructed from waterproofed wood 
and copper gauze. The nominal perimeter/area ratio 
of 1-1 x 10-5 cm.-! was much smaller than that 
now considered desirable (7 x 10-* cm.-!), but tem- 
porarily was undoubtedly higher following the 
ejection of fragments from the pellets during spread- 
ing. Within an hour of seeding, the normal surface 
pressure of 2 dyne cm.-! had risen to 20 dyne cm.-', 
which value was observed again five weeks later. Com- 
parison of the levels of this with an immediately 
adjacent and untreated reservoir indicated a decrease 
in apparent evaporation during rainless periods of 
30 per cent. The advent of rain, however, revealed 
the intake of the control reservoir to be greater. 
Accordingly, it cannot be stated that the observed 
decrease in apparent evaporation followed from the 
presence of a surface film, as it may have been 
caused by differing rates of seepage, which appeared 
to be high and erratic. 

In January 1954, a bank of five standard evapori- 
meters, of diameter 3 ft., was installed by the Section 
of Meteorological Physics at Aspendale, Victoria. 
For the remainder of the summer, efficient restriction 
of evaporation was obtained only over limited periods. 
Eventually it was found that a rigid film, sufficiently 
thick to be easily visible, provided the obstacle to 
success. The film, which is presumed to result from 
the presence of frogs in the evaporimeters and 
resembles that formed on water approaching stag- 
nation, retards considerably the rate of spreading of 
cetyl alcohol. It has been found that efficient control 
in these circumstances requires periodic displacement 
of the rigid film with a solution of cetyl alcohol in a 
volatile solvent, the interval between displacements 
depending on the concentration of solid cetyl alcohol 
which is then placed upon the surface. This variant 
of the usual process will be desirable on many small 
dams. 

Working life of the treatment. It was observed 
initially by Mr. W. C. Swinbank that retardation of 
evaporation becomes insignificantly small only after 
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a lapse of about four days following the removal of 
the solid material from which a film has spread. 
Much of this persistence may be ascribed to the 
action of micro-reservoirs, formed and utilized con- 
tinuously by reduction and extension of the true 
ara of the water surface. Assuming, however, that 
cessation Of activity follows only from solution in the 
water Of sufficient of the monolayer, it has been 
estimated that the life of a dosage of 3 cwt. mile~? is at 
least ten years. Should this value prove to be even 
several-fold too great, the process remains quite 
economic. 

Future work. These summarized results are con- 
sidered sufficiently promising to warrant further and 
extensive trials. A number of stretches of water, 
both large and small, throughout Australia will be 
trated during the coming summer. The Director of 
the East African Meteorological Department has 
indicated that similar work is contemplated by his 
Department; and Dr. J. H. Schulman, of the 
University of Cambridge, has expressed an intention 
to carry out large-scale experiments. Accordingly, a 
comprehensive evaluation of the method should be 
available within two years. 


Progress in this work has been accelerated con- 
siderably by the advice, criticism and assistance of 
Mr. W. C. Swinbank and Dr. C. H. B. Priestley, of 
the Section of Meteorological Physics of the Common- 
wealth Scientific and Industrial Research Organiza- 
tion. Acknowledgments are due also to Dr. K. L. 
Sutherland, Division of Industrial Chemistry, to Mr. 
R. Penman, Section of Meteorological Physics, of 
this Organization; and to Mr. L. N. Welsh, Mr. 
k. G. Upstill, Mr. J. Wise and Mr. R. Cook, of the 
Victorian State Rivers and Water Supply Commission. 
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SYNTHESIS OF CARBOHYDRATES 
FROM CARBON DIOXIDE AND 
HYDROGEN IN A CELL-FREE 
SYSTEM 


By Dr. E. RACKER 


Division of Nutrition and Physiology, Public Health 
Research Institute of the City of New York 


ALVIN and his collaborators were the first to 

demonstrate! that a few seconds after photo- 
synthesizing cells are exposed to carbon-14 dioxide, 
radioactivity can be found in 3-phosphoglyceric acid. 
The discovery of sedoheptulose phosphate and 
ribulose diphosphate in extracts of photosynthesizing 
cells led to the proposal of a mechanism in which 
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ribulose diphosphate acted as the primary acceptor 
of carbon dioxide, yielding twe moles of 3-phospho- 
glyceric acid on cleavage*. Regeneration of the carbon 
dioxide acceptor was proposed to occur by a cyclic 
process in which transketolase, transaldolase and 
some glycolytic enzymes participate. Carboxylation 
of this acceptor was shown ‘to occur also in cell- 
free extracts obtained from Chlorella*. Recently, 
evidence for the carboxylation of pentose phos- 
phate in cell-free extracts from spinach with 
ribose-5-phosphate as substrate was obtained in- 
dependently by Cowperthwaite and Racker (unpub- 
lished results), and by Weissbach, Smyrniotis and 
Horecker‘*. 

It is the purpose of this communication to present 
evidence for a cyclic process and to report the net 
synthesis of carbohydrates from carbon dioxide and 
reduced diphosphopyridine nucleotide, adenosine 
triphosphate and catalytic amounts of ribose-5- 
phosphate in the presence of a fractionated enzyme 
preparation from spinach. LEither alcohol, in the 
presence of alcohol dehydrogenase, or hydrogen, in 
the presence of diphosphopyridine nucleotide-linked 
hydrogenase, was used as hydrogen donor for the 
reduction of the pyridine nucleotide. When reduced 
diphosphopyridine nucleotide was regenerated with 
hydrogen, the major precursors of the carbon, oxygen 
and hydrogen of the carbohydrate thus synthesized 
were carbon dioxide and molecular hydrogen. 
Adenosine triphosphate supplied the required energy. 


The Pentose Phosphate Cycle and its 
Enzymes 


Before a net synthesis of carbohydrate in a cell- 
free system can be explained, a balanced equation 
representing a series of reactions catalysed by 
demonstrable enzymes is required (Table 1). All 
enzymes listed in Table 1 can be readily shown to 
occur in cell-free extracts. However, some of the 
intermediates of the reactions have not been fully 
characterized and further purification of the com- 
ponent enzymes is still required. The cyclic operation 
of these reactions is shown in Fig. 1. 


Table 1. THE PENTOSE PHOSPHATE CYCLE* 
Reaction 


(1) 3 pentose-p + 3 ATP — 3 “RDP” + 
3 ADP 


Enzyme 


Phosphopentokinase 
(2) 3“RDP” +3 CO, + 3 H,O— 
6PGA “RDP” carboxylase 
(3) 6 PGA + 6 ATP— 6 diPGA + 
6 ADP PGA-kinase 
(4) 6diPGA + 6 DPNH + 6 H+— 
6 triose-p + 6 DPN + 6 Pi 
(5) 4 triose-p + 2 HDP 
(6) 2 HDP + 2 H,O— 2 HMP + 2 Pi 


(7) 1 HMP + 1 triose-p — 1 pentose-p + 
1 tetrose-p 


(8) 1 HMP + 1 tetrose-p — 1 hep- 
tulose-p + 1 triose-p 
(9) 1 heptulose-p + 1 triose-p — 
2 pentose-p 
Sum (1-9) 3CO, + 9ATP + 5H,0 + 6DPNH + 6H+ — 
1 triose-p + 9ADP + 6DPN + SPi 
(10) 9H,O + 9DPN — 9DPNH + 9H+ + 90 


(11) 3DPNH + 9ADP + 9Pi + 3H+ + 30 — 
3DPN + 9ATP + 12H,0 


Sum (1-11) 3CO, + 2H,O + Pi-— 1 triose-p + 60 


Triose-p dehydrogenase 
Aldolase, triose-p isomerase 
HDP-ase 


Transketolase 
Transaldolase 


Transketolase 


* The following abbreviations, among others, have been used: 
ATP and ADP for adenosine triphosphate and adenosine diphosphate, 
DPN and DPNH for oxidized and reduced diphosphopyridine 
nucleotide, Pi for inorganic phosphate and -p for organically bound 
phosphate, HDP for fructose-1,6-diphosphate, and HMP for either 
glucose-6-phosphate or fructose-6-phosphate. 
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Phosphopentokinase (Reaction 1). 
The enzyme which catalyses the for- 
mation of ribulose diphosphate in 
the presence of ribose-5-phosphate 
and adenosine triphosphate will be 
referred to as phosphopentokinase‘*. 
It should be pointed out that the 
substrate for this kinase has not yet 
been identified. Since it has been 
shown (de la Haba, G. L., and Srere, 
P. A., unpublished results) that a 


preparation of highly purified phos- 2 Triose-p 
phopentose isomerase from alfalfa 
leaves’ transforms ribose-5-phos- 2 PGA 


phate into a mixture of ketosugar 
phosphates of which only a small 
portion is ribulose-5-phosphate (sus- 
ceptible to the action of transketo- 
lase), the possibility of a substrate 
other than _ ribulose-5-phosphate 
must be considered. The product 
of the kinase reaction has been 
shown to be a ketosugar diphos- 
phate*. The compound is here 
referred to as ketopentose diphos- 
phate or “RDP”, since the available 
evidence does not seem to rule out configurations other 
than the 2-ketoribose (for example, a 3-ketoribose). 


“RDP” carboxylase (Reaction 2). This enzyme 
catalyses the cleavage of ketopentose diphosphate to 
two moles of 3-phosphoglyceric acid in the presence 
of bicarbonate (Jacobi, W., personal communication). 
Calvin and his collaborators proposed the formation 
of an ene-diol of ribulose diphosphate which adds 
carbon dioxide to form an unstable a-hydroxy-f keto 
acid. The latter would then be hydrolysed to form 
two moles of 3-phosphoglyceric acid. 

An alternative mechanism might be proposed 
involving the formation of a 3-ketopentose diphos- 
phate which is cleaved by bicarbonate to two moles 
of 3-phosphoglyceric acid as follows : 





CH,O PO,H, CH,O PO,H, 
buon OH 
Lx } Sy) eer + H,Co, “ 
| 00H 
C == 0 
don + 
be ,0 PO,H, COOH 
OH 
bz.0 PO,H, 


Glycolytic enzymes (Reactions 3-6). The phosphory]- 
ation of 3-phosphoglyceric acid to diphospho- 
glyceric acid is catalysed by phosphoglyceric kinase, 
the reduction of diphosphoglyceric acid to triose 
phosphate by triose phosphate dehydrogenase in the 
presence of reduced pyridine nucleotides, and the 
condensation of triose phosphates to fructose-1,6- 
diphosphate by aldolase ; these enzymes have been 
demonstrated in extracts from various plants. 

The formation of fructose-6-phosphate from fruct- 
ose-1,6-diphosphate is known to occur in liver* and 
is now shown to be catalysed by a specific enzyme 
which has been purified over a hundredfold from 
spinach extracts. The enzyme activity is dependent 
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The pentose phosphate cycle 


on magnesium ions. Further stimulation (about 
fourfold) is obtained by addition of ferrous salts 
and ethylenediamine tetraacetate. 
several monophosphate esters of hexoses and pentoses 
could be detected in the presence of the purified 
enzyme. 

Enzymes of the glucose-6-phosphate shunt (Reactions 
7-9). A cycle of glucose-6-phosphate oxidation in 
which the first three carbons of glucose are oxidized 
to carbon dioxide, while carbons 3, 4 and 5 form a 
triose phosphate, was discussed in a recent review’. 
It can be postulated that a condensation of two 
triose phosphates to fructose-1-6-diphosphate, which 
is hydrolysed to fructose-6-phosphate, followed by 
another turn of the cycle, can lead to the complete 
oxidation of glucose to carbon dioxide and water. 
Reactions 7-9 in Table 1 represent part of this 
glucose-6-phosphate cycle, written in reverse order 
and linked to a reductive step catalysed by triose 
phosphate dehydrogenase instead of to the oxidative 
step catalysed by glucose-6-phosphate dehydrogenase. 
Carboxylation of “RDP”, instead of the decarb- 
oxylation of 6-phosphogluconic acid, takes place in 
the plant cycle. 


New Assay Methods and Purification of the 
Enzymes of the Pentose Phosphate Cycle 


The elucidation and fractionation of the system 
described above have been greatly facilitated by the 
use of rapid assay systems which were developed for 
the individual reactions. 

Phosphopentokinase. This enzyme can be assayed 
by a manometric method similar to that used for 
hexokinase determin&tions!®. 


other SH compounds). 
N-ethyl maleimide. 


A more convenient and accurate assay for adenosine | 
triphosphate-linked kinases has been used prefer- | 
entially in our laboratory. It is based on the colori- 
metric determination of acyl phosphates by the | 


hydroxylamine reaction of Lipmann and Tuttle". 
With a purified preparation of acetokinase", catalytic 
amounts of adenosine triphosphate and excess of 


No hydrolysis of 








However, it is essential Ff 
for the activity of this enzyme to add glutathione (or | 
The enzyme is inhibited by | 
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Table 2. - 
umoles acetyl 
phosphate disappeared 
Complete test system (cf. text) 
containing 0-1 ml. of spinach fraction 18 
containing 0-2 ml, of spinach fraction 3°5 
containing 0-3 ml. of spinach fraction 5-0 
Test system 
containing 0-2 ml. of spinach fraction but 
no ribose-5-phosphate 0-2 
Test system without spinach fraction 0-2 
acetyl phosphate, the latter compound disappears 
oily in the presence of an acceptor system for the 
taminal phosphorus of adenosine triphosphate. The 
test system contained in a final volume of | ml., 
50 pmoles of tris (hydroxy) aminomethane buffer, 
pH 7-4, 5 umoles of magnesium chloride, 1 ymole of 
aeeiae triphosphate, 5 umoles of glutathione, 
§umoles of lithium acetyl phosphate, 20 units of 
acetokinase, 7 wzmoles of ribose-5-phosphate and the 
enzyme solution to be tested. After 10 min. at 25° 
(., determination of acetyl phosphate was carried 
out on the entire sample. A typical assay for phospho- 
pentokinase is shown in Table 2. The enzyme has 
been purified about twenty-five fold by fractionation 
with acetone (33-50 per cent), ammonium sulphate 
(20-50 per cent) and isoelectric fractionation. 


“RDP” carboxylase. The formation of phospho- 
glyceric acid was measured spectrophotometrically. 
In the presence of excess phosphopentokinase, 
phosphopentose isomerase, adenosine triphosphate, 

esium ions, phosphoglyceric kinase and glycer- 
aldehyde-3-phosphate dehydrogenase, the oxidation 
of reduced diphosphopyridine nucleotide is dependent 
on the “RDP” carboxylase. The measurements were 
carried out in a Beckman DU spectrophotometer as 
340 my. The enzyme has been purified eighteen-fold 
with ammonium sulphate (20-50 per cent), alcohol 
(14-19 per cent) and isoelectric fractionation. 


Transketolase, transaldolase and hexose diphos- 
phatase. Transketolase was measured by triose 
phosphate formation in the presence of an equilibrium 
mixture of ribose-5-phosphate and ribulose-5-phos- 
phate (‘isomerase product’). The details of the test 
and crystallization of the enzyme from yeast have 
been described?*, 

Transaldolase was measured with glucose-6-phos- 
phate dehydrogenase. ‘Isomerase product’ and 
transketolase were used to generate heptulose phos- 
phate and triose phosphate. The details of the test 
and the purification of the enzyme from Torula yeast 
will be described elsewhere". 

Hexose diphosphatase was measured also with 
glucose-6-phosphate dehydrogenase in the presence 
of hexose phosphate isomerase. Alternatively, the 
rate of liberation of inorganic phosphate from 
fructose-1,6-diphosphate was determined. Separation 
of the enzyme from “RDP” carboxylase and phospho- 
pentokinase has been achieved by ammonium 
sulphate fractionation and the use of calcium phos- 


phate gel. 


Overall Reaction and the Synthesis of Hexose 
Phosphate 


The sum of reactions 1-9 reveals that triose 
phosphate should be synthesized from carbon 
dioxide and water if adenosine triphosphate and 
reduced diphosphopyridine nucleotide are provided 
m the presence of the appropriate multi-enzyme 
system. Ribose-5-phosphate or any precursor system 
for ribose-5-phosphate or ribulose-5-phosphate should 
serve in only a catalytic fashion. 
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The regeneration of adenosine triphosphate from 
the diphosphate by coupled phosphorylation and 
the reduction of diphosphopyridine nucleotide by 
photolytic cleavage of water® can provide the energy 
and the reducing agent (reactions 10 and 11) required 
for the total synthesis of carbohydrate from carbon 
dioxide and water. These two key reactions of 
photosynthesis have been demonstrated in cell-free 
systems?®16, 

Large amounts of adenosine triphosphate were 
added in the present experiments in order to avoid 
the use of grana which catalyse oxidative phosphoryl- 
ation. Reduced diphosphopyridine nucleotide was 
generated with hydrogen and a diphosphopyridine 
nucleotide-linked hydrogenase (kindly supplied by 
Mr. L. Packer and Dr. W. Vishniac) or with alcohol 
and alcohol dehydrogenase. 

As shown in Table 3, synthesis of hexose phosphate 
takes place in the purified system. Stimulation by 
bicarbonate was demonstrated, as well as dependency 
on catalytic amounts of pentose phosphate and a 
reducing system. Transketolase, transaldolase and 
phosphopentokinase are present in non-limiting 
quantities in the “RDP” carboxylase preparations 
from spinach, and a pronounced stimulation of 
hexose monophosphate formation by addition of 
these enzymes has therefore not as yet been achieved. 


Table 3. SYNTHESIS OF HEXOSE MONOPHOSPHATE FROM CARBON 
DIOXIDE, REDUCED DIPHOSPHOPYRIDINE NUCLEOTIDE AND ADENOSINE 


TRIPHOSPHATE 
pmoles of hexose 


monophosphate 
Complete system* 1-6 
Potassium bicarbonate omitted 0-5 
Ribose-5-phosphate omitted 0-3 
Hydrogen and hydrogenase omitted 0-4 
* The complete system contained the following components in a 
final volume of 1 ml.: tris (hydroxy) aminomethane buffer (pH 7-6), 
pmoles ; potassium bicarbonate, 50 «moles; ribose- a 
0-25 Panels: magnesium chloride, 2-5 umoles + diphosp a 
nucleotide, 05 umole; gly: ceraldehyde-3-phosphate dehydr ‘ogenase, 
1 mgm. ; phosphoglyceric kinase, 65 ywgm.; aldolase, 280 ywgm.; 
spinach fraction (3-5 mgm.) containing phosphopentose isomerase, 
carboxylase, transketolase, transaldolase and hexose di- 
glutathione, 5 umoles : adenosine triphosphate, 40 
pmoles ; an -5 mgm. of a hydrogenase preparation. The mixture 
was incubated at 25° under hydrogen for 60 min. and then assayed 
for fructose-6-phosphate. 


The results here reported therefore demonstrate 
the operation in cell-free spinach fractions of a cyclic 
mechanism leading to the net synthesis of carbo- 
hydrate from carbon dioxide and hydrogen in 
aqueous solutions. 


1 Calvin, M., “The Harvey Lectures”, 46, 218 (1950-1951) (C. C. 
Thomas Publ. Co., Springfield, Ill.). E 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications 


Use of the Nitric Oxide/Oxygen Continuum 
in the Estimation of the Relative Concen- 
trations of Oxygen Atoms in Flame Gases 


GaypDon?* has observed that when nitric oxide is 
added to flames which are likely to contain free 
atoms of oxygen, a greenish continuum is observed 
in emission, which is ascribed to a radiative combina- 
tion : 

NO O > NO, + hy. 

This identification is highly probable, and _ is 
strongly supported by quantitative measurements 
which we have made of the intensity of the continuum. 
Mixtures of hydrogen and air of known composition 
have been burned, after mixing, in a Méker type of 
burner, to give a flame about 2 cm. in diameter with 
cones of primary combustion only a few millimetres 
in height. These flames were surrounded by similar 
ones, but with separate supplies, giving an overall 
diameter of about 4 cm., the sheath thus preventing 
the formation of a cool boundary to the inner 
flame, and protecting it from the effects of indrawn 
air. 

Attention was focused mainly on the interconal 
gases a few centimetres above the primary cones, 
since it is there that fair thermal equilibrium is to be 
expected. The temperature of the inner column was 
measured by the method of reversal of the sodium D 
line*, the metal being added as traces of fine spray 
of sodium chloride solution to the inner air supply. 
The composition of the interconal gases at this 
temperature was then calculated from the known 
composition of the unburned gases and the relevant 
data on equilibrium constants given by Lewis and 
von Elbe*. In particular, the concentration of free 
oxygen atoms was obtained, for a series of flames 
ranging from near stoichiometry to about twice the 
stoichiometric proportion of hydrogen. Temperatures 
ranged from 2,050° to 2,290° K. 

A small amount of nitric oxide was then fed into 
the supply to the inner flame. The reaction zone 
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Fig. 2. Variation of intensity of nitric oxide continuum with 
height above burner 











showed the green continuum very strongly, and this 
persisted, more weakly, into the interconal gases. Its 
intensity, the spectral variation of which remained 
constant, was measured by a photo-multiplier and 
amplifier system mounted in place of the plate. 
holder on a Hilger Z 3 medium quartz spectrograph, 
and was found to be proportional to the amount of 
nitric oxide added. The correlation of the measured 
intensity of the continuum with the calculated 
oxygen atom concentrations for a series of 
flames, when 0-4 per cent of nitric oxide was 
added to the inner flame supply, is shown in 
Fig. 1. ; 

The upper line was obtained just above the primary 
cones (0-8 em. above the burner), and the lower line 
well into the interconal gases (3-2 cm. above the 
burner). Both show a quite good linear relation 
with the calculated oxygen atoms. This variation in 
intensity at different levels in the flame is shown ina 
particular case in Fig. 2, indicating a very rapid 
decrease in the first centimetre or so above the 
primary cones, followed by a gradual rise. The in- 
tensity of the sodium D lines remained sensibly con- 
stant over the total range of height, indicating 
reasonable constancy of temperature of the bulk of 
the gases. : 

It is suggested that there is an excess of free atoms 
of oxygen over the equilibrium value immediately 
above the cones, which rapidly approaches equi- 
librium. The time taken for the gas to travel through 
1 em. is of the order of 1 m.sec. The further slow 

rise is attributed to the effects of indrawn 
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air causing secondary combustion. 

It is interesting to note from Fig. 1 that 
even where the excess occurs it is propor- 
tional to the equilibrium amount, that is, 
it is still governed by the concentrations of 
the major constituents of the burned gases, 
which are at or near equilibrium through- 
out at the reversal temperature. These 
results, as well as confirming the views 
of Gaydon, show that in these flames, 
where dissociation of nitric oxide to 
nitrogen and oxygen is not important, 
certain quantitative applications are 
possible. 

We are grateful to Mr. M. T. Samp- 
son, of the Butterwick Research Lab- 








Fig. 1. 
for various flames of hydrogen, oxygen and nitrogen. 
burner; O 3:2 cm. above burner 


Intensity of nitric oxide continuum against calculated equilibrium [0] 
@ =0°'8 cm. above 


oratories, Imperial Chemical Industries, 
Ltd., for the loan of the spectrograph, 
and one of us (C. G. J.) to the Department 
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Comparison of the Spectra produced 
by Shock Waves, Flames and 
Detonations 


Ir is now well known that intense shock waves 
can be produced by bursting diaphragms! and that 
very high temperatures, up to perhaps 20,000° K., 
can be attained in this way*. The temperature rise 
ecurs in @ very short time, corresponding to only 
about twenty intermolecular collisions. Kantrowitz 
and colleagues have focused attention on the value 
ff work with shock waves and shown that in some 
cases they may be sufficiently intense to cause emission 
of light®. The highest temperatures are attained with 
monatomic gases; with polyatomic gases the higher 
specific heat and especially the dissociation of the gas 
limits the temperature. Some preliminary studies of 
the spectra excited in rare gases have been made‘, 
and recently Greene’ has observed emission bands 
of C,, CH and CN when passing shocks through CF,I, 
CH,I or BrCN. 

We have commenced to apply the shock-wave 
technique to the study of combustion problems. 
Shock waves offer the possibility of simulating the 
conditions occurring in the reaction zone of a flame, 
where reactants are brought very quickly to a high 
temperature. With shock waves we have the added 
possibility of studying the effect of this quick heating 
in the absence of an oxidizer. Spectroscopic studies 
of shock waves through fuels may supplement direct 
fame spectra and studies of flash photolysis. Detona- 
tions in closed-vessel explosions are, of course, accom- 
panied by a shock wave, and these studies of shock 
waves alone may help to elucidate the respective 
shares of shocks and combustion processes in pro- 
ducing luminosity. 

We have used a shock tube of the normal bursting- 
diaphragm pattern. The high-pressure chamber is 
18 in. long and 2 in. in diameter and is made of } in. 
brass. It is bolted by flanges to the low- “pressure side, 
which is 46 in. long, 2 in. diameter and of ¥e in. brass. 
The inside is copper-plated, and the low-pressure side 
is lined with a ‘Pyrex’ tube cleaned with dilute hydro- 
fluoric acid ; this was to reduce impurities, the spectra 
of which were very troublesome and which appear to 
be one of the main limitations of the method. The 
tube was mounted vertically, so that the wave 
travelled upwards and fragments of diaphragm fell 
down to the bottom. The light was viewed end-on 
through a thick quartz window, an aluminium mirror 
being used to reflect the light into a small F/4 Hilger 
Raman spectrograph with interchangeable glass and 
quartz optics. 
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Hydrogen was used as the driver gas on the high- 
pressure side, a single diaphragm of 0-003 in. cellulose 
acetate bursting at about 3 atm., and a double 
diaphragm at 6 atm. The low-pressure side was 
filled with the experimental gas to a pressure of the 
order 1 cm. mercury. For hydrocarbons the initial 
shock wave may have a Mach number of about 6, 
and after reflexion a temperature rather greater than 
2,000° K. is expected. 

In the work with pure fuel gases, we have found 
that acetylene gives quite a bright flash, the spectrum 
showing mainly a strong continuum due to hot carbon 
particles with some weak C, bands and impurity lines 
Scalia calcium, copper) superposed. The spectrum 
from ethyl nitrate showed strong CN violet bands. 
These are the only two pure fuels which gave a 
bright enough flash for the spectrum to be recorded. 
Ethylene gave a weak flash. No flash at all was 
observed with methane or methanol. We have 
therefore studied the flashes produced in mixtures 
of fuel and argon, this giving more intense hotter 
shocks. Pure argon showed numerous strong lines 
due to impurities (silver, barium, calcium, copper, 
iron, magnesium, sodium, silicon, vanadium) with the 
OH band and some background continuum. With 
a mixture of 90 per cent argon and 10 per cent 
methane, these impurities were largely suppressed 
and the spectrum showed very strong C, Swan bands 
on a background continuum extending from the red 
limit of the plates to at least 3900 A. (the limit of 
the glass optics). The CH band at 4315 A. was visible 
although not strong. Acetylene/argon gave a similar 
spectrum but with rather stronger continuum, which 
extended to about 2600 A.; this contifluum was 
relatively less strong when the pressure of the 
acetylene/argon mixture was reduced to a few milli- 
metres. Argon/carbon dioxide mixtures failed to give 
any obvious sign of the carbon monoxide flame bands 
or blue continuum characteristic of the carbon 
monoxide flame, the spectrum being dominated by 
impurities and being similar to that with pure argon, 
but weaker. This supports other work indicating that 
the carbon monoxide flame radiation is chemi- 
luminescent in origin and not due to thermal radia- 
tion from carbon dioxide. 

Shock waves from bursting diaphragms can also 
cause ignition in explosive mixtures, and the shock 
tube has been used for comparing the spectra of 
shock-ignited and spark-ignited explosions of similar 
mixtures. For spark ignition a small side tube with 
electrodes connected to an induction coil was added. 
For acetylene/oxygen and ethylene/oxygen mixtures, 
there was a marked difference between the shock 
ignition and the spark ignition. With spark ignition 
the CH bands at 4315 and 3900 A. were relatively 
much stronger than with shock ignition, whereas the 
HCO and especially the OH bands were much stronger 
with shock ignition. In all plates with spark ignition, 
CH 4315 A. was the strongest feature on the plate, 
whereas with shock ignition OH 3064 A. was the 
strongest feature. With shock ignition the (2,0) and 
(1,0) OH bands were also quite strong, but with 
spark ignition the (1,0) only appeared faintly and 
(2,0) was not observed. The spectrum of the spark- 
ignited explosions was similar to that of steadily 
burning flames of similar mixtures, but some 
impurity lines were observed in the explosions, 
these being relatively strengthened by raising the 
pressure. The strength of OH and the weakness 
of CH in the shock-ignited explosions suggest 
a greater thermal excitation by the shock wave, 
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and perhaps some change in combustion mechan- 
ism. 

The study of spectra produced by shock waves 
appears to be a promising way of attacking certain 
combustion problems, in particular the mode of 
formation and excitation of radicals such as C,, CH 
and OH. 

A. R. FarRBaAIRN 
A. G. Gaypon 
Chemical Engineering Department, 
Imperial College, 
London, S.W.7. 
Dec. 22. 
a ie W., and Shepherd, W. C. F., Proc. Roy. Soc., A, 186, 293 
* Resler, E. L., Lin, S. C., and Kantrowitz, A., J. App. Phys., 23, 
1390 (1952). 
* Perry, R. W., and Kantrowitz, A., J. App. Phys., 22, 878 (1951). 
“ Hollyer, R. N., Hunting, A. C., Laporte, O., and Turner, E. B., 
Nature, 171, 395 (1953). 
* Greene, E. F., J. Amer. Chem. Soc., 76, 2127 (1954). 


Laboratory Production of the Vegard— Kaplan 
Bands 

Tue Vegard —- Kaplan A*= — X'= bands of nitrogen 
(N,), some members of which are thought to occur 
in the spectrum of the upper air, usually require 
rather special conditions for production in the 
laboratory?. Wulf and Melvin? and Janin® have, 
however, shown that they are emitted readily from 
discharges through pure nitrogen in conventional 
ozonizers. As such tubes are somewhat inconvenient 
to set up and outgas, we have seught to modify 
them and have found the simple form shown dia- 
grammatically in Fig. 1 quite effective. The left- 
hand section is a piece of ‘Pyrex’ tube, connected to a 
pumping train and sodium azide nitrogen generator 
through a trap cooled in liquid oxygen. The central 
section consists of the same tube flattened to a 
roughly circular disk 7 cm. in diameter, with its 
plane normal to the paper, and an internal clearance 
of 2-6 mm. The right-hand section is a ‘Pyrex’-quartz 
graded seal with a flat quartz end. A Tesla dis- 
charge is passed through the central section between 
disk electrodes (A,A’) pressed against its outer faces, 
and the spectrum observed through the quartz 
window. The discharge is a shower of small sparks, 
as described by Wulf and Melvin. 


<< 
Np’ 


Narrow section of simple discharge tube for excitation of 
Vegard —- Kaplan bands 


Fig. 1. 

Like previous workers, we have not found it 
possible to eliminate completely the y-bands of NO 
and the 2537 A. line of mercury. The main ultra-violet 
Vegard — Kaplan bands were obtained from this source 
at pressures of 7 cm. mercury upward. Their intensity 
was highest at about atmospheric pressure, and 
showed no appreciable variation between 76 and 
160 cm. mercury, the latter being the highest pressure 
used. 

We have also found that these ultra-violet Vegard — 
Kaplan bands can be produced (a) from Tesla discharges 
in nitrogen in cylindrical quartz tubes of up to 5 cm. 
diameter; in this case, although less intense at the 
highest pressures than with the flat tube, they could 
be detected at a pressure as low as 1 cm. mercury ; 
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(b) from discharges through nitrogen in tubes of the 
form used by Jenkins et al.‘, and by others, to 
produce the ‘forbidden’ green line of oxygen. This 
has not, however, proved to be a good source and 
we have not succeeded in finding if, like the green 
line, they are here emitted preferentially from th. 
periphery of the discharges or an afterglow. 
None of our plates shows the Vegard—Kaplay 
bands in the visible region which have been reported 
from electron-beam discharges through argon ani 
nitrogen*. 
N. D. Sayers 
G. R. Taytor 
K. G. Emexius 
Physics Department, 
The Queen’s University, 
Belfast. 
Oct. 14. 
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Measurement of the Doppler Width of 
the 5577 Line in the Night Sky 


A DETERMINATION of the Doppler width of the 
4 5577 oxygen line in the night sky spectrum was 
attempted by Babcock!; but his instrumentation 
permitted only an estimate of the upper limit of this 
width and hence of the temperature of the emitting 
layer. We wish to report here preliminary results of 
@ new study of the 4 5577 line using improved inter. 
ferometric apparatus. 

A Fabry-Perot interferometer of 45 mm. aperture 
was placed in front of an f/2-5 photographic objective 
of 7 in. focal length. The entire instrument, including 
the photographic plate, was in an air-tight enclosure 
with carefully controlled temperature. An Eastman 
103a-G photographic plate and a Corning No. G@-7 
filter were used. 

The interferometer plates were coated with multi- 
layer dielectric films. Initially, the films consisted 
of nine layers, of which five were zinc sulphide and 
four were cryolite, and which gave a reflectance at 
2 5577 of 98 per cent. With these films the peak 
transmittance of the interferometer was very low; 
the cause of this was ultimately traced to the fact 
that the plates were flat to within only about 2/20. 
According to a theory given by Chabbal?, films of 
lower reflectance would give higher peak trans- 
mittance with no substantial loss of resolving power. 
A five-layer film giving a reflectance of 87 per cent 
proved satisfactory and gave good photographs 
with 5 hr. exposure to the night sky, whereas an 
exposure of 22 hr. with the nine-layer films was 
insufficient. 

The observational procedure consisted of the 
following steps: (1) The interferometer was adjusted 
visually using the 1 5461 line from a low-pressure 
mercury arc. (2) A photograph was taken of the 
fringes formed with the i 5461 line from a mercury- 
198 lamp. (3) With the photographic plate moved 
to a second position, an exposure to the night sky 
was made. On the same photograph was included 
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Fig. 1. Photograph of interference fringes of 45577 of the night 

sky and of 4 5461 of mercury-198. The central fringe is of 45577 

and the pairs of fringes are successively 45461 and 45577 going 
outward. The bright streaks are star trails 


a set of fringes from the mercury-198 lamp formed 
by a series of several short exposures made during 
the course of the exposure to the night sky. (4) With 
the photographic plate moved to a third position, 
step 2 was repeated. The photographs made in 
steps 2 and 4 were compared to check the constancy 
of the adjustment of the interferometer. 

Fig. 1 shows an example of the photographs 
obtained in step 3 with an interferometer spacer of 
1l‘7 mm. Of each closely spaced pair of fringes in 
this photograph the inner one is due to mercury-198 
and the outer one to 5577 from the night sky. 
Bright streaks in the figure are star trails. Fig. 2 shows 
an intensity curve derived from a microphotometer 
trace made along a diameter of the fringe system of 
Fig. 1. The advantage of having the mercury-198 
fringes on the same photograph as the ) 5577 fringes 
is that by using the intrinsic width of the mereury-198 
line as determined in separate experiments (we are 
indebted to Prof. F. A. Jenkins for the measurement 
of the width of the 2 5461 line from the mercury-198 
lamp), it is possible to determine the instrumental 
width of the interferometer under conditions 
prevailing at the time of the exposure to the night 
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Typical intensity trace of the plate shown in Fig. 1, 
reduced from a microphotometer density-trace 
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Doppler widths of . 5577 were deduced from micro- 
photometer traces under the following two separate 
sets of assumptions: that the instrumental profile 
for a perfectly monochromatic line is (1) Gaussian or 
(2) resonance shape. Under assumption (1), the 
square of the half-width of the observed profile is 
the sum of the squares of the half-width of the 
instrumental contour and the half-width of the 
Doppler contour; while under assumption (2) the 
method of Voigt parameters? must be used. 

Our preliminary results under assumption (1) 
indicate a Doppler width at half-maximum intensity 
of 0-0148 A., which corresponds to a temperature of 
231° K. Under assumption (2) we find a Doppler 
width of 0-0125 A., corresponding to a temperature 
of 155° K. An examination of the intensity profile 
of the 15577 line as given by the interferometer 
indicates a condition intermediate between assump- 
tions (1) and (2). 

According to the latest published work‘, the 
height of the layer emitting 2 5577 is about 250 km. 
At this altitude the temperature would be expected 
to be much higher than our results indicate. How- 
ever, more recent unpublished work (Roach, private 
communication) gives about 100 km. for the height 
of the layer. At the latter height the temperature 
is believed to be about what we find. 

We plan to continue this work after making im- 
provements in our apparatus. 

We thank Prof. John G. Phillips, Berkeley 
Astronomical Department, for suggesting this prob- 
lem and for his valuable discussions; Prof. F. A. 
Jenkins, Department of Physics, for many helpful 
suggestions; and Dr. C. D. Shane, director of the 
Lick Observatory, for providing facilities for making 
the observations. 

Davip Q. Wark 


Berkeley Astronomical Department, 
University of California, 
Berkeley. 
Joun M. StroneE 
Department of Physics, 


University of California, 
Berkeley. 


1 Babcock, H. D., Astrophys. J., 57, 209 (1923). 

* Chabbal, R., J. Recherches du Centre Nat. Recherches Sci., No. 24, 138 
(1953). 

* van de Hulst, H. C., and Reesinck, J. J. M., Astrophys. J., 106, 121 
(1947). 

* Roach, F. E., and Pettit, H. B., J. Geophys. Research, 56, 325 (1951). 


Melting Points of Mono-N-n-alkylaniline 
Hydrochlorides 


In the course of other work, we have had occasion 
to prepare the series of liquid mono-N-n-alkylanilines 
(C,H,NHC,H.m+,) from m = 1 tom = 12. We have 
determined their refractive indices and also the 
melting points of their hydrochlorides'. A plot of 
refractive index against alkyl chain-length for the 
free bases gives a smooth curve characteristic of all 
homologous series in respect of physical properties. 
The melting point against chain-length curve for the 
solid hydrochlorides is, however, very different. A 
large drop in melting point on passing from aniline 
to monomethylaniline hydrochloride is followed by a 
marked zig-zag to a minimum at m = 6; thence the 
melting points rise steadily with a small but definite 
alternation. 
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Fig. 1. Curves of melting point against alkyl chain-length for: 
(A) N-n-alkylaniline hydrochlorides ; (B) a-n-alkylnaphthalenes. 


* The melting point of N-n-pentylaniline hydrochloride has been 
found to be 120°, in agreement with v. Braun and Murjahn 
(ref. 4), and not as previously queted by us (ref. 1) 


This kind of behaviour can be paralleled from 
other homologous series. Thus Anderson and Smith? 
find a very similar effect in the «-n-alkylnaphthalenes, 
with a minimum melting point at m = 5, followed 
by an alternating rise. This alternating rise is char- 
acteristic.of predominantly aliphatic series and recalls 
in particular the rising periodicity in the melting 
points of the aliphatic acids*, and appears to indicate 
that at about m = 5 or 6 aliphatic character begins 
to predominate in the alkyl—aryl series. 
R. Foster 
D. Liu. Hammick 
Dyson Perrins Laboratory, 
University, Oxford. 
Oct. 16. 

1 Foster, R., and Hammick, D. LIl., J. Chem. Soc., 2685 (1954). 

2 Anderson, D. G., and Smith, J. C., J. Inst. Petrol., 38, 415 (1952). 

> Piper, S. H., J. Chem. Soc., 234 (1929). 

‘vy. —_ J., and Murjahn, R., Ber. deutsch. chem. Ges., 59, 
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Chemical Composition of the Melanin 
Granule and its Relation to the 
Mitochondrion 


Ir has been suggested that the melanin-containing 
granules of melanocytes are derived from the mito- 
chondria of these cells. The term ‘melanized mito- 
chondria’ has been used for describing the melanin 
granulest. The main evidence to support this con- 
tention has been the demonstration of the presence 
in both mitochondria and melanin granules of the 
enzymes succinic dehydrogenase and cytochrome 
oxidase. 

Some information is available as to the chemical 
composition of certain mitochondria*»*. It was felt 
desirable to obtain comparable information for the 
melanin granule. 
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Melanin granules were isolated from the choroid 
of ox eye by differential centrifugation at 0-4° ¢, 
Use was made of the high density of the melanin 
granules in order to obtain them in a relatively pure 
preparation. Using a Waring blendor, the dissected. 
out choroids were homogenized in four times thei 
volume of chilled physiological saline. The tissue was 
further disintegrated by grinding with sand in 4 
mortar. Much of the cell debris was removed by 
two centrifugations at 600 g for 3 min. The granules 
were then sedimented by centrifugation for 30 min, 
at 600 g. The sediment, on microscopical examina. 
tions of smears stained with methylene blue, showed 
the presence of a small amount of cell debris con. 
taminating the preparation. The sediment was then 
homogenized in 1-55 M sucrose (spec. grav. = 1-2) 
using a Potter-Elvehjem type homogenizer. The 
granules were sedimented from this homogenate by 
centrifugation at 1,000 g for one hour. The centri- 
fugation in the sucrose medium effectively separated 
the dense melanin granules from the contaminating 
lighter cell constituents. The sedimented granules 
were washed twice with distilled water and the 
washings kept for analysis. 

The lipid, ribose nucleic acid, soluble and insoluble 
protein and the iron, copper, zinc and melanin pig. 
ment content of the granule preparation were 
determined on a dry-weight basis. 

Lipid was estimated by extraction in 3: 1 chloro- 
form/methanol for 24 hr. at 25°C., followed by 
re-extraction of the granules in a Soxhlet apparatus 
for 12 hr., using the same solvent. The combined 
solvent was dried at 80-90°C. for 24 hr. and the 
residue weighed. Ribose nucleic acid was extracted 
by the Schmidt-Tannhauser-Schneider procedure 
and determined as pentose, using orcinol against a 
xylose standard. Soluble protein was estimated as 
nitrogen in the distilled water washings of the granule. 
The washings gave a negative test for ribose nucleic 
acid. Insoluble protein was determined by a formol 
titration of the amino-acids liberated by hydrolysis 
of the melanin granule in boiling M potassium 
hydroxide for 12 hr. Melanin pigment was precipitated 
on acidification of the alkaline hydrolysate of the 
eranule. The pigment was purified by repeated 
solution in alkali and precipitation with acid‘. The 
final precipitate was washed three times with distilled 
water, dried and weighed. The granules were ashed 
to constant weight. Copper and zinc in the ash were 
estimated as their dithizone complexes in carbon 
tetrachloride’. Iron was determined as ferric thio- 
cyanate in amyl alcohol. Most of the above de- 
terminations were performed, also, on a homogenate 
of choroid tissue. 

Table 1 gives the analytical data for the melanin 
granule preparation and for the homogenate of 


Table 1 


Mito- | Refer- 
chondrion | ences 
(per « cent) 


Melanin 2 | Choroid | 
granule | tissue 
| (per cent) | (per cent) | 


Component 
| Melanin pigme nt 
| Lipid 1-5 

| Less on 
| 0:3 | 1°3-1-7 

15-20 —_— an 

10-15 | — JF] 

ey | on | eal 


35-40 5-6 
9-13 25-30 


Ribose nucleic acid 


| Scluble protein 
Insoluble protein 
Carbohy: drate 
| Ash 


(usm. /gm.) (vgm. m./gm. )| 


200- 400 (6) 


| ( va ‘em. ) 
Copper } 
800-95 30 

Zine | 550-900 


200- 300 
130-150 








No 


choro 
are CC 
are @2 
Melar 
of co! 

Not 
15 pe 
to ha 
conta 
possil 
ntrog 
accou 
that é 
estimé 

For 
betwe 
the m 
lipid ¢ 
granu 
consti 
zine & 
ticula: 
miner: 
melan 

The 
mitoc! 
by as 
does ¢ 
orgal 
to reg 
volver 
rather 

A f 
bearin 
hoped 

Iw 
invalu 


and 
Counce 
and 


"Du Bu 
Cell 
* Swans 
* Barnur 
‘Stein, | 
"Bowne 
Bio 
* Davids 
(Me 


Pre 


Dour 


} Tats oO 


chroni¢ 
1 gm. 
absolur 
of M.] 
evapor 


F unlimit 
© contro! 


absolut 
mental 
regular 
of the 


175 


horoid 
~ a. 
elanin 
y pure 
ected. 
| their 
16 Was 
| in a 
ed by 
anules 
) min. 
smina- 
howed 
3 con- 
3 then 
= ]-2) 

The 
ite by 
-entri- 
trated 
nating 
aDules 
d the 


oluble 
n pig: 
were 


hloro- 
xd by 
aratus 
bined 
d the 
‘acted 
edure 
inst @ 
ed as 
inule, 
ucleic 
ormol 
olysis 
ssium 
itated 
if the 
eated 

The 
tilled 
ashed 
were 
arbon 
thio- 
e de- 
enate 


lanin 
‘eof 


wo.44a9 February 5, 1955 


choroid tissue. Comparable data on the mitochondrion 
are collated from various authors. The values given 
gre extreme ranges found for several determinations. 
Melanin granule data are corrected for the presence 
of contaminating sand. 

Not accounted for in the above analysis was some 
15 per cent of the granule. This fraction appeared 
to have @ nitrogen content of 15-20 per cent. It 
contained an acid-soluble red-brown pigment and, 
possibly, difficultly hydrolysable protein. The high 
nitrogen content suggests that the fraction not 
accounted for contained little lipid. It would appear 
that all or most of the lipid of the granule had been 
estimated by the initial extraction procedure. 

For every constituent, there is a great difference 
between the compositions of the melanin granule and 
the mitochondrion. Especially significant is the low 
lipid and content of ribonucleic acid of the melanin 
granule in contrast to the high content of these 
constituents in the mitochondrion. The high copper, 
zinc and iron content of the melanin granule is par- 
ticularly noteworthy. Most of, if not all, these 
mineral constituents appear to be localized in the 
melanin granule. 

The above results do not support the view that the 
mitochondrion is converted into a melanin granule 
by a simple process of ‘melanization’. If a conversion 
does occur it would appear to involve a drastic re- 
organization of the cell contents. It seems desirable 
to regard the melanocyte as a whole as being in- 
volved in the formation of the. melanin granule, 
rather than the granule in isolation. : 

A further report of the above findings and their 
bearing on the problem of melanogenesis will, it is 
hoped, be published elsewhere. 

I wish to thank Prof. Joseph Gillman for his 
invaluable advice and encouragement. 


W. D. Stem 
Department of Physiology, 

and Joint Nutrition Research Unit of the 
Council for Scientific and Industrial Research, 

and the University of the Witwatersrand, 

Medical School, Johannesburg. 
Sept. 10. 

'Du Buy. H. G., Woods, M.. W., and Showacre, J. C., in “Pigment 
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‘Swanson, M. A., and Artom, C., J. Biol. Chem., 187, 281 (1950). 
*Barnum, C. P., and Huseby, R. A., Arch. Biochem., 19, 17 (1948). 
‘Stein, W. D., Nature, (174, 601 (1954)] 


| ‘Bowness, J. M., Morton, R. A., Shakir, M. H., and Stubbs, A. L., 


Biochem. J., 51, 521 (1952). 


| ‘Davidson, J. N., “The Biochemistry of the Nucleic Acids”, 75 
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Production of Cancer of the Bile Ducts 
with Thioacetamide 


Durie the past ten months, I have been feeding 
rats on thioacetamide with the object of studying 
chronic intoxication induced by that compound. 
1 gm. of thioacetamide was dissolved in 60 ml. 
absolute alcohol, thoroughly mixed with 3,125 gm. 


| of M.R.C. powdered rat cubes, and the alcohol 


evaporated off. One hundred and fifty rats received 


j unlimited amounts of this mixture; fifty had the 
» control diet consisting of powdered cubes mixed with 


absolute alcohol in the same ratio as in the experi- 
mental mixture. Groups of animals were killed at 
regular intervals from each batch for a careful study 
of the liver pathology. 
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The earliest changes of necrosis and monocellular 
infiltration soon gave place to proliferation of the 
bile ducts and regeneration of the liver cells. After 
feeding for eleven weeks with thioacetamide, localized 
areas of cholangiofibrosis—a term used by Opie’ in 
his study of butter yellow (p-dimethylaminoazo- 
benzene) tumour formation—appeared and increased 
progressively until at nineteen weeks they formed 
large nodules indistinguishable from cancer of the 
bile duct. Less frequently, collections of cystic bile 
ducts also developed, but neither hepatomas nor 
metastases have so far been encountered. These 
pathological changes recall those met with in rats 
fed with butter yellow*, and they likewise develop 
in the same sequence. Of the 150 rats exposed to 
thioacetamide, about fifty died before the ninth week 
from destruction of the liver; of the thirty-six 
animals killed between nine and twenty-three weeks, 
twenty-two showed cholangiofibrosis, eighteen bile 
duct cancers and five cystic dilatation of bile ducts. 
Several conditions are, of course, not infrequently 
found in the same animal. Feeding is still going on 
in the remaining sixty rats. No such changes were 
found in the control rats. Under these conditions, 
therefore, it appears that thioacetamide is a powerful 
cause of bile duct proliferation which culminates 
frequently in cancer. 

Fitzhugh and Nelson® described liver cirrhosis in 
rats fed with thioacetamide and mentioned tumours 
in two of fifty rats, one said to be a liver cell adenoma, 
the other a “histologically malignant tumour origin- 
ating from liver cells’. A more detailed study by 
Rather and his co-workers‘ emphasizes gradually 
developing diffuse fibrosis, nodularity of the liver 
and increase in weight of that organ. Apparently 
no tumours were discovered. Taki et al.’ describe 
experiments in which groups of rats were fed butter 
yellow alone, thioacetamide for six to eight weeks 
followed by butter yellow, and thioacetamide and 
butter yellow together. No tumours developed ; but 
the duration of these experiments was rather short 
and details presented are scanty. 

Thioacetamide was introduced by Childs and 
Siegler* in 1945 as a medium for the control of orange 
decays. It is known to penetrate to the juice of 
the orange, and must therefore be considered as a 
possible risk to consumers of oranges. 1 must 
emphasize that the carcinogenic effects in rats 
have been obtained only after prolonged feeding, 
although the quantity of thioacetamide consumed 
by a rat each day cannot have been more than a few 
milligrams. 

The investigation, which was suggested by Prof. 
G. R. Cameron, is still going on and full details will 
be published in due course. 


D. N. Gupra 


Department of Morbid Anatomy, 
University College Hospital Medical School, 
London, W.C.1. 

Dec. 17. 
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Urinary Excretion of a Substance after 
a Single Dose 


AFTER a single dose of a substance, its urinary 
excretion is commonly highest during the subsequent 
twenty-four hours, and then decreases with time. It 
is often desirable to compare different urinary ex- 
cretion-rates, to extrapolate or interpolate, etc., so 
that any method of plotting the data such that 
the relationship is linear between some functions of 
urinary excretion and time has obvious advantages. 

During some work on the metabolism of radioactive 
phosphorus after oral administration of a single dose, 
we have found that the cumulative excretion of 
phosphorus-32 is linearly related to the logarithm of 
the time. Line A of Fig. 1 is a typical example of 
our findings. 
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wlog2 = Q log, (1) 


where ¢, is the intercept of the line on the time axis 
Differentiating, we have 
dx Q 
= 1-44 ® (2) 
Thus, the urinary excretion-rates may be expressed 
in terms of one parameter, the double time factor. 
This method of plotting the urinary excretion has 
the further advantage that, where there are any 
discontinuities, these become obvious and precisely 
located in time. ; 
It is not, however, the only possible way of 
endeavouring to fit cumulative excretion figures to 
an equation. For example, Haigh and Reiss* quote 
the relationship : 


x i= 2max, {1 — exp(— At)}, (3) 


where A defines the rate at which 
excretion proceeds, and zmax. is the 
cumulative urinary excretion when 
this is complete. Their figures for the 
cumulative urinary excretion of iodine- 
131, when plotted on a logarithmic 
time-scale, give the line Z of Fig. 1. 
Equations (1) and (3) are not mutu- 
ally consistent, and a particular set of 
results may prove to be a more or less 
good fit for either. The form of 
equation (3) is more logically ex- 
plained than that of equation (1), but 
in a few cases tested by both equations, 
in general, it did not lead to better fits. 
Equation (1) has the advantages 
that it is very simple to apply, 
and that its use d es not necessitate 
an estimate of the value of max. 
which appears in equation (3), and 
which may be unknown. On the 





0-4 10 
Time (days) 
Fig. 1 


This linear relationship appears to be a general 
one. Thus, line B is derived from some results 
reported by Van Der Werff?, after the subcutaneous 
injection of bismuth-206 in the form of bismuth 
citrate. Line C shows another set of results re-plotted 
from the same paper, this time when the bismuth 
was mixed with a charcoal suspension and given by 
intravenous injection. This line shows a discontinuity, 
which may possibly be due to instability of the 
bismuth-charcoal suspension. 

Wilkinson and Storey? have published some 
cumulative urinary excretion figures for polyvidone, 
a plasma substitute which is not metabolized. Line 
D shows the results from one of their cases, when 
plotted on a logarithmic time-scale. This line shows 
an abrupt change in slope which was not obvious 
when the data were plotted on a linear time-scale. 

We have found this linear relationship very useful 
in our work on phosphorus-32, and we have ex- 
pressed the slope of the line as the ‘double time 
factor’. This is defined as the quantity Q excreted 
in the urine, such that if a quantity x is excreted in 
time ¢, a quantity x + Q is excreted in time 2¢. It 
is numerically equal to the quantity excreted during 
the second day. It can be shown that: 


other hand, equation (1) is a di- 
vergent function of z, and in some 
cases, for example line B, obviously 
cannot hold when ¢ becomes large. 
Acknowledgments are due to the 
British Empire Cancer Campaign for financial 
assistance. 
BaBetTE E. STERN 
Marie Curie Hospital, 
London, N.W.3. 
Sept. 2. 
1Van Der Werff, J. T., “Bismuth-206. A New Radioactive Isotope 
for Therapy”. Second Radioisotope Conference, Oxford (Butter- 
worths Scientific Publications, London, 1954). 
? Wilkinson, A. W., and Storey, I. D. E., Lancet, 1, 1269 (1954). 
’ Haigh, C. P., and Reiss, M., Brit. J. Radiol., 23, 538 (1950). 


Action of Ribonuclease on Certain 
Ascites Tumours 


Previous papers! have described the action of 
ribonuclease on the cells of the Ehrlich carcinoma 
in vitro, and the object of the present communication 
is briefly to record results obtained in vivo, following 
the administration of ribonuclease to animals bearing 
various ascites tumours. These experiments involved 
three hundred animals carrying the Ehrlich or Krebs 
mouse carcinomata, or the Walker rat carcinoma 256. 

The mean survival-time of the experimental animals 
was determined in relation to the number of injected 
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Tumour | injection 
(ascites) | (days after 
implantation) | 


Times of | ¢ 


Nature of injection 
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Table 1 





Mean pro- 
Mean longation of 

survival- j survival-time 
time (per cent) 





“Ehrlich care. | 20 mgm. ribonuclease 
‘ | 10 mgm. ribonuclease 


8 mgm. ribonuclease + 0-1 mgm. nucleot. 
2 mgm. ribonucleaset + 0-1 mgm. nucleot. | 
1 mgm. ribonucleaset + 0-1 mgm. nucleot. | 


Krebs care. | 
Walker care. | 
! 


2 mgm. ribonucieaset + 0-1 mgm. nucleot. | 
5 mgm. ribonuclease + 5 mgm. nucleot. 
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+ Ribonuclease purified by chromatography : fraction D (ref. 3). 


¢ Excluding one animal in which the tumour regressed. 


cells. Confirming the results obtained by Goldberg 
d al.*, the curve giving the reiation between the 
number of cells injected and the mean survival-time 
shows three distinct parts. The first corresponds to 
inocula very rich in cells, when the mean survival 
time does not vary significantly if the number of 
cells inoculated is more than 1 million. The second 
part of the curve shows that below this limit the 
mean survival-time varies in proportion to the density 
of the inoculum. Finally, a third section, correspond- 
ing to the development of solid tumours, extends 
towards high survival-times and is limited by the 
minimum number of cells, of the order of 10,000, 
necessary for transplantation. In the present experi- 
ments, doses of between three and thirty million 
cells were used. ‘Treatment began at least two days 
after implantation. Equal numbers of control and 
treated animals were used in each experiment, and 
the results were examined statistically. The enzyme 
was administered intraperitoneally by a single or 
daily injection (the latter being the more effective), or 
by injection at intervals of several days, and two 
kinds of ribonuclease preparation were employed : 
(1) Armour’s ‘RNase’ purified by chromatography ; 
the largest and most important fraction was used 
(peak D)*; (2) commercial Armour’s ‘RNase’. The 
sample employed contained 25 per cent of non- 
protein material of low molecular weight and 75 per 
cent of material homogeneous in the ultra-centrifuge 
but separable by chromatography into inactive 
ribonuclease (10 per cent), partially active ribo- 
nuclease (25 per cent), fully active ribonuclease 
(60 per cent) and a further 5 per cent of a protein 
impurity without proteolytic activity. 

In the majority of cases mixtures of ribonuclease 
and nucleotides were employed, since other work had 
indicated the importance of the latter for enzymatic 
action’. This point will be discussed in further detail 
elsewhere. 

The ribonuclease solutions were freshly prepared 
and sterilized by Seitz filtration, their pH being 
that of the physiological saline or sterile distilled water 
used as a control. The results (Table 1) show that 
the treatment induces a significant increase in mean 
survival-time. These observations must be considered 
in relation to those of Klein‘, who showed that 
inoculation with tumour cells of which the ribonucleic 
acid content had been reduced by storage at 4°C. 
was less effective than with fresh cells; it appears 
probable that cellular multiplication can in fact be 
modified through changes in the level of ribonucleic 
acid in proliferating cells. It is also of interest to 
compare these results with those obtained with 
amphibian eggs’, and with those of Brachet with 
onion roots*. In these cases similarly, ribonuclease 
diffusing across the cell membranes had a very clear 
anti-mitotic effect. The present results appear to 


indicate that it is possible enzymatically to influence 
the ribonucleic acid and growth-rate of rapidly 
proliferating cells by an action possibly similar in 
principle to that of xanthine oxidase upon spontaneous 
mammary carcinomata of the mouse, as described 
by Haddow’. 
I wish to thank Profs. A. Haddow, F. Bergel and 
P. C. Koller for criticisms and suggestions. 
L. Lepoux* 
Chester Beatty Research Institute, 
Royal Cancer Hospital, 
Fulham Road, 
London, 8.W.3. 
Nov. 27. 


* Chargé de recherches du Fonds Naticnal Belge de 'a Recherche 
Scientifique. (Permanent address: Laboratoire de Morphologie 


Animale, Brussels.) 
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Deoxyribose Nucleic Acid Values in Tumour 
Cells with Reference to the Stem-cell Theory 
of Tumour Growth 

RECENT technical developments have increased the 
accuracy and scope of photometric measurements of 
deoxyribose nucleic acid on Feulgen-stained nuclei. 
By using the scanning photoelectric device's? in con- 
junction with the cell-crushing method’, it is possible 
to make accurate measurements not only on inter- 
phase nuclei, but also on cells in mitosis. It has been 
shown that increase of deoxyribose nucleic acid occurs 
during interphase*>, Hence measurements of the 
deoxyribose nucleic acid during mitotic stages are not 
subject to variation due to this synthesis. 

A series of measurements of deoxyribose nucleic 
acid in cell nuclei of the Krebs’s 2 and Ehrlich’s mouse 
ascites tumours have been made and the results are 
shown in Figs. 1 and 2; the non-tumour inflamma- 
tory cells provide a useful marker for the diploid 
value of deoxyribose nucleic acid (2c). A wide spread 
of figures for the acid content about the octoploid 
value (8c) is obtained for cells at metaphase (stand- 
ard deviations: Krebs’s + 7-5, Ehrlich’s + 6-3). If 
all these cells at metaphase completed division then 
a similar spread would be expected for cells at telo- 
phase, which, however, show only a small scatter 
about the tetraploid figure (4c) (standard devia- 
tions: Krebs’s + 0-42, Ehrlich’s + 0-54). Since 
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a metaphase of 8c will normally give rise to telophases 
of 4c, this suggests that in this material normal 
division with successful cell-cleavage occurs mainly 
among cells which at metaphase contain approx- 
imately the 8c amount of deoxyribose nucleic acid, 
and which are balanced in the genetical sense. The 
cells which at metaphase depart from the 8c value 
of deoxyribose nucleic acid (that is, unbalanced cells) 
probably arise from non-4c telophase cells produced 
by the occasional abnormal division of an 8c meta- 
phase. The non-8¢ metaphases form a large proportion 
of the sample, and if these cells linger at metaphase 
for long periods this would explain the relative 
scarcity of non-4c telophases (which were not de- 
tected in the present measurements) from which 
they may be derived. Incomplete reduplication of 
the chromosome complement during interphase may 
also be a factor in the production of non-8c meta- 
phases. The metaphase cells which do not divide 
probably undergo restitution or division without cell- 
cleavage, and as a result restitution nuclei, bi- 
nucleate and multi-nucleate cells are fairly common 
in these tumours. Lasnitzki has arrived at similar 
conclusions of reconstruction from metaphase, on the 
basis of cytological evidence, in the S37 sarcoma and 
T2146 ascites tumours‘. 

These observations agree with the results of other 
workers on which the recent stem-cell theory of 
tumour growth is based. According to this theory 
only a fraction of the cells in the population are 
capable of normal and regular mitosis, and tumour 
growth is thus due mainly to the division of these 
stem cells, which produce not only new stem-cells 
but also the rest of the population. This phenomenon 
has been described in ascites tumour material by 
Levan and Hauschka’ and Makino and Kano® on 
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the basis of chromosome counts. Accurate counts 
are possible only at metaphase, and the stem-cell 
theory was derived from the observation that a 
characteristic mode of chromosome numbers per- 
sisted throughout many generations of transplants. 
The results presented here would appear to support 
the stem-cell theory of tumour growth. 

A similar scatter of metaphase values and a small 
spread of telophase values has recently been observed 
in a carcinoma of the cervix uteri in man®*. If this 
phenomenon is of general occurrence in human 
tumours, then in estimating the rate of proliferation 
of a tumour it is necessary to ascertain the propor- 
tion of cells at telophase in the biopsy section, as 
well as the total mitotic index. 

The spread of deoxyribose nucleic acid values for 
cells at metaphase in the Krebs’s and Ehrlich’s ascites 
tumours agrees with the histograms of chromosome 
numbers in the same tumours reported by Hauschka 
and Levan!*. This is to be expected since an accurate 
measurement of deoxyribose nucleic acid in a mitotic 
stage is related to the number of chromosomes present 
in the cell, provided that the variation in deoxy- 
ribose nucleic acid content of individual chromosomes 
is small. The advantage of the method of deoxy- 
ribose nucleic acid measurement presented here is that 
it makes possible the determination of chromosome 
numbers, not only at prophase and metaphase, but 
also at anaphase and telophase, and under conditions 
when visual counting methods cannot be used. This 
will be discussed in a succeeding publication". 
Further investigations are being made by this 
technique with special reference to immunogenetic 
aspects of tumour growth and will be reported 
elsewhere. 
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I am grateful to Prof. J. T. Randall, Dr. H. B. 
Fell and Dr. P. M. B. Walker for valuable advice 
and encouragement. My thanks are also due to 
Dr. Ilse Lasnitzki, Dr. E. M. Deeley and Dr. H. G. 
Davies for discussion, and to Prof. P. C. Koller and 
Dr. Alma Howard, who provided material. I am 
indebted to the Medical Research Council for the 
award of a scholarship which enabled this work to 
be done. 

B. M. RicHarps 

Medical Research Council 

Biophysics Research Unit, 

Wheatstone Physics Laboratory, 
King’s College, London. 
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Identification of Hypocalcified and 
Demineralized Areas in Sections of 
Human Enamel 


HitHERTO, poorly calcified areas in the enamel of 


ground sections of teeth have been detected either 
by their permeability to stains, insolubility in dilute 
acid or by their low absorption of soft X-rays (so- 
called Grenz-rays). Gottlieb, Diamond and Apple- 
baum! came to the conclusion that “it is impossible 
by means of microscopic ground section study, to 
differentiate between enamel in the matrix stage and 
fully calcified enamel”. During the preparation of 
ground sections of teeth with obviously poorly 
calcified areas of enamel, we were struck by the 
appearance of these areas when sections were exam- 
ined in water by transmitted and reflected light. By 
transmitted light they appear opaque, while the 
normal enamel is translucent or transparent; by 
reflected light they appear white. When cleared and 
mounted in the routine histological manner, they 
become translucent, and it is often difficult to dis- 
tinguish them from norm transparent or translucent 
enamel, but they can be distinguished from pig- 
mented enamel by the lack of brown pigmentation. 
Using these criteria, we were able to show, in proved 
cases of immature acid-insoluble enamel, almost com- 
plete agreement between the dark areas in the water- 
mounted sections and those observed on an X-ray 
negative after exposure to soft X-rays (Figs. 1 and 2). 
The soft X-rays used were produced by a commercial 
type ‘Raymax’ tube with a tungsten target and 
operated at 20 kV. peak and about 3 m.amp. emission 
current. 

It was also found that some areas of white or brown 
opaque enamel, as observed on the enamel surface 
by reflected light and obviously poorly calcified, 


were soluble in acid. In some cases it was difficult 


to obtain a clear picture of a reduced concentration 
of calcium salts in sections of these areas using the 
soft X-rays (also noted by other workers), but with 
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Fig. 1. Ground section, mounted and photographed in water, 
of a grossly visible brownish opaque hypocalcified area in the 
cuspal enamel of a molar 


Fig. 2. Grenz-ray photograph of the same section 

the water-mounted specimens a well-defined area of 
opacity was always obtained. The evidence suggests 
that examination of ground sections in water pro- 
vides @ means whereby areas of poor calcification 
can be detected. The method, however, is essentially 
qualitative and does not satisfactorily show differences 
in the degree of concentration of calcium salts. The 
best results are obtained by studying photographic 
prints of the sections and, where desirable, comparing 
them with prints of soft X-ray negatives. It is also 
clear that solubility in acid is not a test for all degrees 
of hypocalcification. 

This work suggests that poorly calcified areas in 
the enamel may be divided into two main types, 
according to whether the factors retarding calcifica- 
tion acted before or after the critical point of matura- 
tion (that is, solubility of the enamel matrix) is 
reached. The first type consists of immature enamel 
in which the matrix is insoluble in dilute inorganic 
acids and is pre-critical in origin; the second type 
consists of soft enamel which is soluble in acids and is 
post-critical in origin. Post-critical hypocalcification 
when examined in water-mounted sections shows less, 
or an absence of, the yellowish appearance which is 
seen in immature enamel or pre-critical hypocalcifica- 
tion. This latter is quite distinct from the brown 
pigmentation seen in cleared sections of normal 
enamel. Examination of ground sections also sug- 
gested that post-critical calcification during tooth 
development does not proceed from the tips of the 
cusps or incisal edges as at the critical stage of 
calcification or maturation, but in an ‘incremental’ 
direction. While we are unable to differentiate in 
all cases, with certainty, pre-critical from post- 
critical hypocalcification in water-mounted sections, 
the distinction between hypocalcified and mature 
hard enamel is clearly shown. 

While both pre- and post-critical hypocalcified 
opaque areas can be seen in the gross specimen, 
sections of apparently normal teeth when mounted 
in water may show opacities which on clearing appear 
as either transparent or brown pigmented areas or 
bands along incremental layers or strie of Retzius. 
The brown or transparent bands which appear opaque 
when examined in water would seem to be hypo- 
calcified. Our findings agree with those of Thewlis?, 
who found that only a certain percentage of pig- 
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mented and transparent areas gave evidence of less 
than normal concentration of calcium. We also 
observed that the appearances and distribution of 
brown pigmented enamel were profoundly affected 
by clearing agents. 

When ground sections of enamel showing advanced 
carious lesions without cavitation are examined in 
water and by soft X-rays, a similar correlation to 
that described above between the opacity in water 
and the area of low absorption of the X-rays exists, 
and suggests that the water technique may be used 
to identify areas of demineralization. Evidence of 
demineralization in early carious lesions is often 
difficult to obtain or inconclusive using soft X-rays, 
but with the water technique, the opacity is con- 
sistently present. 

We have also noted that the early white carious 
lesion is soluble in acid, whereas the deeply stained 
brown lesion tends to be insoluble in dilute inorganic 
acids. This appears to be due to a change in the 
character of the enamel protein consequent upon its 
permeation by material from the mouth. 

Thanks are due to Dr. E. L. Yates, of the Physics 
Department, for his help with the soft X-ray work, 
and to Dr. J. Thewlis, of the Atomic Energy Research 
Establishment, Harwell, for his criticisms of the 
investigations. I also wish to thank the Medical 
Research Council for an expenses grant. 

J. J. Hopson 
Department of Oral Pathology, 
University, Sheffield. 
Oct. 11. 
Gottlieb, B., Diamond, M., and Applebaum, E., Amer. J. Orthodont., 
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Do Tracers measure Fluxes ? 


TRACERS are used extensively for the purpose 
of measuring the absolute flux of a substance through 
a membrane from, say, side A to side B in the 
presence of a flux from B to A. Often the system 
is in a steady state and the two fluxes are equal ; 
but the rate of appearance of tracer atoms («#’) on 
side B remote from their origin (side A) is used as a 
measure of the flux A — B, with due mathematical 
allowance for any back flow of 2’, B > A. 

When this technique is applied to measurement of 
water permeability of cell walls, the rate of move- 
ment per unit difference of concentration of isotopic 
water is sometimes less by a factor as high as 50 
from the rate of movement resulting from a unit 
difference of water concentration imposed by the 
presence of dissolved salts!. Frog skin shows similar 
anomalies?. As a further example of anomalous rate of 
tracer movement, there is the fact that the flux of 
potassium ions through muscle cell membranes is less 
when found from the rate of transfer of potassium-42 
than when it is deduced from the membrane con- 
ductivity on the assumption that potassium ions 
carry nearly all the current. 

The purpose of this communication is to suggest 
that the rate of transfer of a tracer across a membrane 
may bear no direct relation to the absolute flux 
through the membrane; this is not to imply that 
the tracer has any peculiar properties. The explana- 
tion is of the same kind as the one recently demon- 
strated by Hodgkin and Keynes‘. Suppose the 
membrane is several times as thick as the traversing 
molecule (x or x’) and that there can be a series of 
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molecules (xvx) in file in @ narrow pore or channel, 
Collision of an 2’ on side A can lead to formation of 
the file z’ax. with displacement of an zx into the 
solution on side B. If the next molecular event is g 
collision on side B, the original xrx is restored ; no 
tracer has passed, yet the fluxes A > B and B< 4 
are one unit. To transfer x’ to side B requires 4 
succession of events of probability less than unity, 
yet each event can contribute one molecule to one 
or other flux. Thus, when the pore is long and thin 
on the molecular scale, the rate of transfer of 2’ does 
not measure the flux A + B. Only when the mole. 
cules in the pores can pass freely side by side, or 
when the membrane is so thin that a file does not 
exist, can one expect tracer movement to be pro- 
portional to the real flux. The process when there 
are long pores recalls Bernal and Fowler’s explana- 
tion® of the rapid diffusion of hydrogen ions where 
an ion at one end of an aqueous medium can displace 
one from the other end without moving there itself. 

In the system described, if an osmotic unbalance 
exists between A and B, the greater collision-rate 
on the high-activity side (say, B) will tend to lead 
to the file being filled with molecules (x) from that 
side, and this would reduce the rate of transfer of z 
against the osmosis. There could be many collisions 
of x’ with side A which lead to ejection of an z into 
side B, but the probability of 2’ making its way into 
B against the net movement due to osmosis would be 
small. Thus here an osmotic unbalance can affect 
the rate of diffusion of tracer, in distinction to the 
case in free diffusion. A similar situation has been dis- 
cussed recently by Ussing*. The argument would 
apply to diffusion of a solute if solvent passage 
through the pores interfered with or assisted passage 
of solute. A possible example of this effect has been 
observed (Harris, unpublished results) on the move- 
ment of sodium from muscle; if water is moved 
osmotically from the cells, there seems to be some 
added efflux of sodium ions. 

It is pertinent to remark here that some explana- 
tions of the anomalous rates of water movement have 
invoked a bulk flow of water due to an osmotic 
unbalance. As pointed out by Chinard’, osmotic 
unbalance does not cause bulk flow. 

C. Epwarps 
E. J. Harris 
Department of Biophysics, 
University College, 
London, W.C.1. 
Oct. 12. 
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Incidence of Hemoglobin C in the ‘Coloured’ 
Population of Cape Town 


H2MoGLoBIn C, an electrophoretically abnormal 
variant of human hemoglobin, has recently been 
reported from West Africa by Lehmann and Eding- 
ton!. In the United States, from which the abnormal- 
ity was first described, Smith and Conley? found the 
hemoglobin C trait in 2 per cent, and Schneider® in 
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3 per cent, of American negroes. ‘The American 
negro has an average incidence of the sickle-cell trait, 
which is dependent on another abnormal hzemoglobin, 
of about 8 per cent*. The sickle-cell gene was brought 
to America from Africa by the slave trade ; it seems 

ible that the same may be true of the gene for 
hemoglobin C. In West Africa, Edington and Leh- 
mann’ found hemoglobin C to be present in 12 per 
cent and sickling in 20 per cent of two hundred 
negro Out-patients. Thus the incidence of hxzemo- 
gobin C in African populations, for many of 
which the sickling incidences are known, will be of 
interest. 

The ‘coloured’ population of Cape Town is derived 
fom European, Hottentot, Bantu and Malay 
elements. In the seventeenth century also one ship- 
load of slaves from West Africa was imported into 
the Cape settlement. The Bantu elements came 
chiefly from Madagascar and Mozambique, while the 
‘Malays’ were from India and Ceylon as well as from 
the Malay Archipelago’. The incidence of sickling 
in the coloured population is 0-6 per cent’. 

Blood specimens sent to the laboratory for routine 
serological tests were examined for abnormal hemo- 
globins by paper electrophoresis. All age-groups 
and both sexes were represented among the subjects, 
but adult females predominated. A modified appar- 
atus of Kunkel and Tiselius* was used, with What- 
man’s No. 1 filter paper and a barbitone buffer of 
pH 8-6 containing 1-84 gm. diethylbarbituric acid and 
10-3 gm. per litre of its sodium salt. Washed packed 
red cells were diluted with approximately two volumes 
of buffer and lysed by freezing and thawing. The 
hemoglobin preparations were run for 3 hr. at a 
potential gradient of about 12 V./em., and the 
patterns stained with bromphenol blue. In 219 
examinations, two examples of a hemoglobin of 
similar mobility to hemoglobin C were found. In 
each case the abnormal hemoglobin was associated 
with a normal component, in the typical form of the 
hemoglobin C trait. Both occurred in clinically 
healthy females attending an antenatal clinic, 
and the findings were verified by repeated runs 
alongside specimens from known carriers of sickle- 
cell hemoglobin. Fig. 1 shows three typical 
patterns 

The incidence of hemoglobin C in the Cape coloured 
population thus appears to be about 0-9 per cent, 
that is, of the same order as the sickling incidence. 
Further studies of this and other African groups 
are in progress. 


Fig. 1. Electrophoretic patterns from bearers of the hemoglobin 
C trait (the arrow points to the C component), the sickle-cell 
trait (S.C.T.) and a patient with sickle-cell anemia (S.C.A.) 
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I am grateful to Prof. J. V. Neel, of the University 
of Michigan, for encouragement ; and to Dr. I. D. 
Davids for help in obtaining specimens. 

PETER BRAIN 

Department of Pathology, 

University of Cape Town. 

Oct. 5. 
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THE discovery of hemoglobin C has recently been 
followed by that of hemoglobin Z!. Hemoglobin C 
is usually identified by its behaviour on paper 
electrophoresis in alkaline buffer. Hzmoglobin E 
behaves so similarly in this investigation that & newly 
found abnormal hemoglobin showing the properties 
of hemoglobin C can only be identified as such after 
comparison with both E and C. This seemed particu- 
larly important when Dr. P. Brain discovered the 
hemoglobin C trait in Cape coloured individuals. 
Hemoglobin C has been found in American negroes 
and in the Gold Coast, but so far it has not yet been 
possible to demonstrate its presence in East Africa. 
On the other hand, hemoglobin E has been found 
in Asiatics, particularly in Siam? and recently in 
Ceylon*. As the Malays have contributed consider- 
ably to the Cape coloured element, it was important 
to see whether the hemoglobin C was in fact C 
and not E. By the kindness of Miss Virginia Minnich, 
a sample of hemoglobin EF trait was made available, 
and it was possible to ascertain that what has been 
described as hemoglobin C in West Africa‘, and 
particularly the newly found hemoglobin C of Dr. 
Brain, were in fact hemoglobin C. 

H. LEHMANN 

Department of Pathology, 

St. Bartholomew’s Hospital, 

London, E.C.1. 
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Endoparasitism in Trombiculid Mites 


EnpoparasiTisM has hitherto been considered 
exceptional among the trombiculid mites and con- 
fined to the two gémera Hannemania and Endo- 
trombicula, the larve of which bury themselves in 
the skin of amphibians. Recent discoveries have, 
however, shown that endoparasitism is much more 
widespread among the Trombiculidae than has been 
suspected. Some of the endoparasitic forms are indeed 
very common but have been overlooked. Two dis- 
tinct habits are recognized: burrowing in the skin, 
and living in the nasal cavities. 

Intranasal species of trombiculids were first found 
by one of us while searching for pulmonary mites 
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in rodents of Central Africa (Ruanda-Urundi and the 
Belgian Congo)!. A total of nine such species in 
four genera/subgenera (some of which are as yet 
undescribed), mostly related to Schoutedenichia Jadin 
and Verc. and the Gahrliepiinae*, have since been 
found in the Congo. More than eight other intranasal 
species have been found in Malaya and Borneo, 
mostly belonging to Doloisia (sensu lato) and to the 
Euschéngastia indica group*. A related species, D. 
oculicola (Wom., 1952) from Ceylon, is conjunctival. 
The intranasal species occur at all depths in the 
nasal cavities, and it is recommended that the entire 
head be split open after leaving it in the refrigerator 
overnight—this does not kill the mites. A most 
interesting finding in the Malayan rain-forest is that 
the spiny rat Rattus rajah, which is peculiar in being 
unusually lightly infested by external trombiculids 
(only three per rat), is the most heavily infested by 
the intranasal species (about seventy per rat). The 
same has been observed in the Congo for the Gambia 
rat, Cricetomys dissimilis. 

The second endoparasitic habitat is hypodermal or 
intradermal, the larve being either embedded in pits 
or even encysted and in some cases showing signs 
of metamorphosis in situ. The genus Endotrombicula 
itself appears to comprise slightly modified species of 
Schéngastia which infest the skin of amphibians— 
this genus is now under revision. In the Congo, 
fifteen species in four genera (including Gahrliepiines) 
have been found to be hypodermal in rodents, 
while Lieut.-Colonel R. Traub (Traub, R., and 
Morrow, Mary L., in the press) has found a hypo- 
dermal species of Gahrliepia nr. decora Wom., 1952, 
in a rat in North Borneo. 

These endoparasitic forms are of exceptional 
taxonomic importance as well as of great biological 
interest. It is to be hoped that this communication 
will stimulate a wider attention to them. 

J. R. Aupy 
Institute for Medical Research, 
Kuala Lumpur, Malaya. 
P. H. VERCAMMEN-GRANDJEAN 
Laboratoire Médical Provincial du Kivu, 
Bukavu, Belgian Congo. 
Nov. 1. 
co ne oe P. H., Rev. ee 1“ Rte 48, 17 (1953). 
* Jadin, J. B. , Vercammen-Grandjean rman, F., ae, 


and Fain, A., Rev. Zool. Bot. Afr. 4 ‘6, 52 (loss). a). Jadin, J , and 
Vercammen-Grandjean, P. H., ot. Afr. (two “sieus 


in the press). 
* Audy, J. R., Stud. Inst. Med. Res., Malaya, No. 26, i59 (1954). 


Polychaeta New to the British Isles 


In a recent survey of the littoral and sub-littoral 
Polychaeta of the Isle of Man, about seventy of the 
species found were new to the area and to the Irish 
Sea generally. Among these are sixteen species which 
do not appear to have been recorded previously from 
the British Isles. The new records are : 


Hesionidae : Podarke pallida — (ref. 1). 

Pilargiidae : Ancistrosyllis groenlandica Mcintosh (ref. 2). 

Nephthydidae : Nephthys rubella Michachen (ref. 1). 

Eunicidae : Staurocephalus neglectus Fauvel (ref. 1). 

Paraonidae : Paraonis gracilis Tauber (ref. 3). 

ye ne fulgens (Levinsen) (ref. 1). 
suecica Eliason = oe 


Arie ricidea (Cirrophorus) bra 
Apistobranchidae : i (Théel) (ref. 5). 
Spionidae : Piclopte ciliate “ire ——— (ref. 1). 
Ctenodrilidae : tnia dentate Monticel li (ref. 1). 
(ephemastns minimus rhans ( 





Arwi 
Nicomache trispinata Arwidsson (ref. 1 


Polycirrus. 


(Wollebaek) (ref. 6). 
Amaea Sars (ref. 1). 


NATURE 


A, a ee (ref. 4). 


February 5, 1955 vou. 175 


Of these, the most interesting are Ancistrosyllis 
groenlandica and Aricidea branchiata. The former 
species was previously known only from the Davis 
Straits*, the latter from South Africa‘, and in each 
case from a single specimen only. Neither has been 
recorded since the original description. 

A previous record of Scolelepis ciliata from the 
Isle of Man referred to specimens from a sea-water 
storage tank*, while the present record is the first 
from a natural habitat. 

Of the remaining species, Capitomastus minimus 
is recorded at Naples and Madeira, and Zeppelinia 
dentata at Naples only’; all the rest are recorded 
from Scandinavia, the North Atlantic, the North 
Sea or the English Channel, and their occurrence in 
the British Isles is not surprising. 

A fuller account of the survey is in preparation. 

Eve C. SourTHwarp 
The Laboratory, 
Citadel Hill, Plymouth. 
Oct. 12. 

*Fauvel, P., “Polychétes errantes”, Faune de ron 5 

Polychétes sédentaires”, Faune de France, 16 (1927). 
* McIntosh, W. C., Trans. Linn. Soc. Lond. (Zool.), L 499 (1877). 
* Eliason, A., Acta Univ. Lund, 16, 1 (1920). 
* Ehlers, E., “Wiss. Ergebn. ‘Valdivia’, 16, 1 (1908). 
* Théel, H., K. Svensk. VetenskAkad. Handl., 16, 3 (1879). 
* Wollebaek, A. Skr. VidenskSelsk., Christ., 18, 1 (1912). 
* Arwidsson, I., Zool. Jb., Supp. 9, 1 (1907). 


* Judges, E. C., and Southward, A. J., Rep. Mar. Biol. Sta. Port 
Erin, 65, 24 (1953). 


(1923), 


Role of Pectic Enzymes in the Verticillium 
Wilt Disease of Cotton 


THe mechanism by which Verticillium dahliae 
produces symptoms of wilt disease in young cotton 
plants has been investigated by assaying solutions 
from cultures of the pathogen on liquid media for 
the following activities: (a) protopectinase, from the 
time taken to macerate standard slices of potato 
tuber tissue; (b) pectinesterase, from the rate of 
liberation of acidic groups from a solution of a high 
methoxy] pectin ; (c) toxicity, from the rate of killing 
of parenchyma cells of potato tuber slices ; (d) wilt- 
ing, from the time taken to cause irreversible wilting 
of cotton shoots; (e) vascular browning, from the 
degree of discoloration of the vascular elements of 
cotton shoots. 

Filtrates from cultures on a synthetic medium 
containing sucrose, potassium nitrate and mineral 
salts had little protopectinase activity, little or no 
pectinesterase activity, were relatively non-toxic to 
parenchyma cells and caused little vascular browning. 
Cotton shoots placed in these solutions wilted 
irreversibly in 8-10 hr. Similar results were obtained 
after the solutions had been dialysed or autoclaved. 
When shoots were placed in these culture filtrates, it 
was observed that wilting was greatly delayed when 
conditions were unfavourable for transpiration. It 
was also noted that wilted shoots did not recover on 
transfer to water unless the lower part of the stems 
was removed. In experiments in which water-uptake 
and water-loss from shoots placed in culture filtrates 
were followed gravimetrically, it was seen that while 


loss of water was only slightly reduced, uptake of | 


water was greatly retarded by these filtrates. 
Solutions from cultures on a liquid medium con- 


taining glucose, ammonium sulphate, pectin and 


mineral salts had quite different properties. These 
solutions had high protopectinase activity, and caused 
irreversible wilting of shoots in 8-10 hr.; these 
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shoots also showed pronounced browning. The 
filtrates had little or no pectinesterase activity. On 
autoclaving, protopectinase activity was lost and 
toxicity to parenchyma cells was very much reduced, 
as was also the ability to cause vascular browning. 
The wilting activity of these solutions was, however, 
little affected. 

It would seem, therefore, that the ability of 
these culture filtrates to cause wilt cannot be 
ascribed to enzyme activity; the development of 
other, equally characteristic, symptoms of disease 
such as vascular browning may well, however, be 
caused by the activity of one or more enzymes. A 
certain amount of evidence has been obtained which 
indicates that the enzymes responsible for proto- 
pectinase activity may be active in this respect. 

In recent work of a similar nature with the wilt 
disease of tomato plants caused by Fusarium 
oxysporum f. lycopersici’»*, pectinesterase was con- 
sidered to play an important part in the development 
of typical disease symptoms. Since culture filtrates of 
V.dahliae had little or no pectinesterase activity, this 
enzyme played no part in the development of wilt 
symptoms in the experiments described above. It 
may also be noted that a highly active pectinesterase 
preparation from orange peel was far less effective in 
producing disease symptoms than were the culture 
filtrates. 

M. Kamar 
R. K. S. Woop 
Botany Department, 
Imperial College of Science and Technology, 
London, 8.W.7. 
Oct. 19. 
1 Gotheskar, 8. 8., Scheffer, R. P., Walker, J. C., and Stahman, M. A., 

Phytopath., 48, 535 (1953). 

‘Winstead, N. N., and Walker, J. C., Phytopath., 44, 153 (1954). 


Physiological Disease of Rice attributable 
to Iron Toxicity 


In the course of an investigation on the influence 
of the intensity of reduction of a submerged soil on 
the growth and yield of rice, it was observed that 
three of the twenty-seven treatments studied ex- 
hibited symptoms strongly suggestive of a wide- 
spread disease of rice of unknown cause, described 
in the literature as ‘mentek’ in Java'-’, ‘penyakit 
merah’ in Malaya‘, browning disease in Ceylon®*, 
and under various local names in India and Burma?»?>®, 

The symptoms were first observed about five 
weeks after transplanting in submerged soil, when 
brown spots began to appear on the older leaves. 
Gradually, the tips of these leaves took on a reddish- 
brown colour which spread towards the base, especially 
along the edges. As the disease progressed, these 
parts turned brown, dried up and curled inwards. In 
| the early stages, the younger leaves and the unaffected 
parts of the older leaves were green; but with time 
the younger leaves also began to show the brown 
» speckling, while the older leaves finally dried up 
completely, giving the plant a scorched appearance. 
The closest examination of the lesions on the leaves 
failed to reveal the presence of any suspect organism. 
The effect on growth, flowering and final yield varied 
| With the severity of the disease. In mild cases growth, 
though retarded, was not seriously affected and rapid 
> tecovery was made about the time of heading. The 
yield of grain was not appreciably below that of 
the unaffected plants. The severely affected plants 
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were markedly stunted, tillered poorly, headed late, 
and produced thin, narrow panicles with a high pro- 
portion of sterile florets. Roots of the diseased plants 
were poorly developed, coarse in texture, and dark 
brown in colour, in contrast to the profuse fine- 
textured, reddish-brown roots of the unaffected 
plants. 

These symptoms are somewhat akin to those of 
potassium deficiency, and have, in fact, been ascribed 
to it?»*»6,®, However, in view of the high initial level 
of exchangeable potassium in these experiments, 
potassium deficiency may be excluded as the direct 
cause of the disease. The chemical analyses of the 
percolates taken from the pots at intervals during 
the period of growth appear to provide an explana- 
tion of the disturbance. A close association was 
noted between the severity of the disease and the 
concentration of reduced products, especially ferrous 
iron, in the percolates. This is summarized in Table 1. 


Table 1 





Ferrous iron (p.p.m.) 
in percolates on 
3/9 6/10 


80-0 
354 
435 
525 


Av. wt. (gm.) per pot of 


6 plants 
Straw Roots 
30-0 


61°4 

53-4 25°7 
41-0 16°3 
20°8 5:7 


Symptoms 
Grain 


28-2 
23-6 
16-6 

4-9 





20°5 

81-6 
207 
275 


None 
Mild 
Moderate 
Severe 




















* Thus, 16 days after flooding and transplanting. 


The symptoms were absent in the treatments in 
which (a) there was drainage, (b) there was a high 
initial concentration of nitrate, (c) submergence was 
delayed, (d) sodium nitrate was added to retard the 
reduction process. 

We have no first-hand experience with the disease 
under field conditions, but a consideration of the 
following features* of the disease has led us to the 
view that the disturbance observed under greenhouse 
conditions and the physiological disease described 
in the literature probably have a common cause: 
(a) the disease affects only lowland rice; (6) it is 
associated with very poor drainage; (c) it appears 
when fields have been unduly long under water prior 
to planting; (d) draining the fields is a common 
remedial measure. We hesitate to make any general 
recommendations from this limited study, but we 
suggest that any remedial measures should be 
directed towards reducing the accumulation of 
ferrous iron. Among the practical ways of doing this 
are: delaying submergence after transplanting, pro- 
viding controlled subsoil drainage, minimizing the 
addition of organic matter, and using sodium nitrate 
to retard the reduction process. 

Further experiments are in progress and a detailed 
report will be published elsewhere. 

F. N. PoNNAMPERUMA 
R. BRADFIELD 
M. PEECH 
Department of Agronomy, 
College of Agriculture, 
Cornell University, 
Ithaca, New York. 
Oct. 12. 
1Goor, G. A. W. van de, Neth. J. Agric. Sci., 2, 44 (1954). 
* Ramiah, K., Int. Rice Comm. News Letter No. 3 (1952). 
* Vecht, J. van der, Pemb. Balai. Besar. Penj. Pert. No. 113 (1953). 
‘ Johnston, A., Int. Rice Comm. News Letter No. 10 (1954). 
5 Grist, D. H., “‘Rice’ (Longmans, Green and Co., London, 1953). 
* Joachim, A. W. R., Admin. Rep. Direc. Agric. Ceylon (1950). 
" Aiyer, S. P., Proc. Ind. Acad. Sci., 28, B, 202 (1948). 
* Saran, A. B., Curr. Sci.. 18, 378 (1949). 
* Kuilman, L. W., cited in refs. 2 and 3. 
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The Gregarious Setting Reaction of 
Barnacles as a Measure of Systematic 
Affinity 


PREVIOUS experiments have shown that cyprids 
are stimulated to settle and metamorphose by contact 
with the epicuticle of barnacles of their own species?. 
Other species are comparatively ineffective in pro- 
moting settlement. The question remained whether 
other species have any stimulating effect at all and, 
if so, whether closely related species are more effective 
than barnacles of other families. To investigate this, 
seven parallel series of twenty-five experiments were 
carried out. In each experiment twenty freshly 
collected cyprids of Balanus balanoides were presented 
with a flat stone, weighing between 5 and 15 gm. and 
of rough granite, in a crystallizing dish holding about 
250 ml. of sea water. In one of the series the stones 
were bare. In five other series two or three recently 
detached and active adult barnacles, belonging 
respectively to the five species listed in Table 1, were 
placed on top of each stone. Some of these species 
differed from B. balanoides in profile and activity, 
Verruca being flatter and Chthamalus less active. 
The setting behaviour of cyprids is considerably 
affected by surface topography* and water currents 
(Crisp, private communication), so a seventh series 
of experiments was included, in which disarticulated 
shell plates of B. balanoides were laid flat on the 
stones, there being no live adult barnacles to disturb 
the water. 


Table 1 
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stones oides settled in 24 hr. 
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After twenty-four hours, the numbers of cyprids 
which had cemented themselves to the stones were 
recorded (Table 1). Many settled on stones bearing 
adults or shell plates of their own species, and sig- 
nificant numbers settled on those bearing other 
species belonging to the same family (Balanidae). 
Elminius modestus had about as much effect in 
stimulating settlement as Balanus crenatus, a fact 
agreeing with the evidence from the anatomy of 
both adults* and larve‘* that these two genera are 
very closely related. The representatives of the 
other families of sessile barnacles (Verrucidae and 
Chthamalidae) had no appreciable stimulating effect, 
presumably because their epicuticles are too 
different, in chemical composition or minute sculptur- 
ing, from that of Balanus. 

Evidently the discriminatory powers of gregarious 
larve can be used to provide evidence of the degrees 
of relationship between related species. Is is intended 
to investigate the interrelationships of the British 
species of Spirorbis (Serpulidae) by this method. 
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Spirorbis provides very favourable material for such 
experiments‘, and the genus needs systematic revision, 
E. W. iinicut-Jonzs 
Marine Biology Station, 
University College of North Wales, 
Bangor. Oct. 26. 


* Knight-Jones, E. W., and Cris Ni 
Knight Jones, E. W., Brit TT ee Biol Bi Nee sera 53) i? 

* Crisp, D. J., and Barnes, H., J. Anim. whey 23, 142 (1954). 

* Darwin, C., “‘A Monograph of the Subclass Cirripedia”, 2, Balanidae 
(Ray Society, London, 1854). 

* Knight-Jones, E. W., and Waugh, G. 
Assoc. U.K., 28, 4128 (1949). Jones, L. W. 
Proc. Zool. ‘Soc. Lond , 128, 765 (1954). 

* Knight-Jones, E. W., J. Mer. Biol. Assoc. U.K.. 30, 201 (1951). 


Duncan, J. Mar. Biol. 


G., ‘and Crisp, D. J., 


Independence in Publication 


Mr. ARTHUR Bryant once told a story which is 
typical, one hopes, of the sturdy independence of 
the British people. A dock strike was on, and 
enormous lorries were going in and out with impressive 
notices ““‘By the authority of H.M. Government’, or 
“By permission of the T.U.C.”’. Among them was 
tiny donkey cart, driven by a little old man with a 
bashed-in bowler: on the cart was a notice “By 
my own bloody authority”. 

In the pages of Nature, and of other journals, are 
many papers whose authors find it necessary to thank 
the Director of This, or the Chief Scientist of That, or 
the Ministry of Something or Other, for permission 
to publish them. There is nothing imaginably secret 
about most of these; during the past year they have 
dealt with such matters as: boiler scale, aircraft 
noise, paper electrophoresis, internal stress in glass, 
the sexing of the confused flour beetle and the ageing 
of quartz crystals. Senator McCarthy is unlikely any 
more to make trouble between Britain and _ the 
United States because of such revelations : nor could 
a sensible director of research feel anything but 
amused shame that anyone should need to ask his 
permission to reveal them. 

Could not this nonsense stop ? It would still be 
possible, if they wished, for the chief scientists, who 
are really quite amiable people, to follow the example 
of the late Lord Knutsford of the London Hospital, 
at the end of a meeting over which he presided : ‘‘And 
now I have one particularly pleasant duty to per- 
form—to propose a unanimous vote of thanks to 
myself for the excellent manner in which I have 
conducted the business’. The occasional performance 
of a simple rite of that kind would obviate the 
necessity of requiring authors to thank (for example) 
the Director of Pedicular Research in the Ministry 
of Provocation for allowing them to publish their 
results (say) on the mean free path of insect vectors 
of disease. 

This letter is published without the permission of 
the professor of physiology in this College. 

A. V. Hm. 
Department of Physiology, 
University College, 
London, W.C.1. Dec. 17. 


(Prof. Hill’s anecdote in the first paragraph of his 
communication reminds us of the early days of the 
War. As soon as war was declared, it seemed that 
the majority of motor-cars ap in the streets 
labelled “‘A.R.P.’’, ‘“‘C.D.”, “Doctor”? and a high per- 
centage just vaguely “Priority”. One day in a 
London street we saw @& car labelled “Just me”.— 
EpIrors. | 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, February 7 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, 
W.C.2), at 5.30 p.m.—Discussion on ‘‘The Problem of Radio Inter- 
ference’. 

SocETY OF ENGINEERS (at the Geological Society, Burlington 
House, Piccadilly, London, W.1), at 5.30 p.m.—Dr. H. G. Taylor— 
Presidential Address, 


UNIVERSITY OF LONDON (at King’s College, Strand, London, W.C.2), 
at 5.30 p.m.—Dr, G. B. Jeffery, F.R.8.: ‘Universities and the Teaching 
Profession”.* (From a series of lectures on “Looking Forward in 
Education”’.) 

RoYAL GEOGRAPHICAL Society (at 1 Kensington Gore, London, 
$.W.7), at 8.30 p.m.—Mr. Duncan Carse: ‘‘South Georgia Survey”. 


Tuesday, February 8 


INSTITUTION OF BRITISH AGRICULTURAL ENGINEERS (at the Institu- 
tion of Electrical Engineers, Savoy Place, London, W.C.2), at 2.15 p.m. 
—Mr. F. S. Mitchell and Mr. G. Shepperson: ‘The Effects of Mech- 
anical Treatment on the Drying Rate of Hay in the Field’”’.* 


PaysicAL SocreTy, Low TEMPERATURE GROUP (in the Lecture 
Theatre of the Science Museum, Exhibition Road, London, 8.W.7), 
at 4.30 p.m.—Symposium on “The Properties of Solid Argon”. 


ZooLoGicaL Society oF LoNnpOoN (at the Zoological Gardens, 
Regent’s Park, London, N.W.1), at 5 p.m.—Scientific Papers. 


UNIVERSITY OF LONDON (at Bedford College, Regent’s Park, London, 
¥.W.1), at 5.15 p.m.—Prof. Max Black (Cornell University): ‘‘The 
=. of Necessary Statements”.* (Further lectures on February 11 
and 16.) 


INSTITUTION OF CHEMICAL ENGINEERS (at the Geological Society, 
Burlington House, Piccadilly, London, W.1), at 5.30 p.m.—Mr. E. W. 
Brace, Mr. R. F. Strickland-Constable and Prof. D. M. Newitt: “‘The 
Mechanism of Drying of Solids’. 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, West- 
minster, London, 8.W.1), at 5.30 p.m.—Mr. C. D. C. Braine: ‘The 
Bffect of Storage on Sewerage Design’”’. 


INSTITUTION OF THE RUBBER INDUSTRY (at the Royal Society of 
Tropical Medicine and Hygiene, 26 Portland Place, London, W.1), 
at 5.30 p.m.—Mr. E. R. Amery: “Some Practical Aspects of Auto- 
matic Control in the Rubber Industry” ; 7 p.m.—Mr. G. E. Bessey : 
“Properties of Whiting and other Calcium Carbonates used as Fillers 
in Rubber”. 

SOCIETY FOR ANALYTICAL CHEMISTRY, PHYSICAL METHODS GROUP 
at the Chemical Society, Burlington House, Piccadilly, London, W.1), 
at 6.30 p.m.—Meeting on “Solvent Extraction’’. 


Wednesday, February 9 


PARLIAMENTARY AND SCIENTIFIC COMMITTEE (in the River Room, 
jae J Hotel, Strand, London, W.C.2), at 11.30 a.m.—Annual General 
ing. 


INSTITUTE OF PETROLEUM (at 26 Portland Place, London, W.1), 
at 5.30 p.m.—Dr. C. G. Williams: “‘Applicational Research in the 
Petroleum Industry’’. 


INSTITUTION OF ELECTRICAL ENGINEERS, RADIO SECTION (at Savoy 
Place, London, W.C.2), at 5.30 p.m.—Mr. J. K. 8. Jowett and Mr. 
¢. 0. Evans: “A Study of Commercial Time Lost on Transatlantic 
Radio Circuits due to Disturbed Ionospheric Conditions” ; Mr. A. M. 
Humby, Mr. C. M. Minnis and Mr. R. J. Hitchcock: ‘Performance 
Characteristics of High-Frequency Radio Telegraph Circuits’’. 


SocieTY OF CHEMICAL INDUSTRY, Foop Group (at the Chemical 
Society, Burlington House, Piccadilly, London, W.1), at 6.30 p.m.— 
Mr. D. S. Miller: “‘The Nutritive Value of Fish Proteins’; Mr. L. C. 
=: “Some Aspects of the Photochemical Oxidation of Ascorbic 
Acid”. 

INSTITUTION OF MECHANICAL ENGINEERS, APPLIED MECHANICS 
GRouP (at 1 Birdcage Walk, Westminster, London, 8.W.1), at 6.45 p.m. 
—Discussion on “The Use of Models”. 

RoyAL INSTITUTE OF CHEMISTRY, LONDON SECTION (joint meeting 
with the Reading University Chemical Society, at the University, 
Reading), at 8 p.m.—Sir William Penney, F.R.S.: ‘Explosions’. 


Thursday, February 10 


RoyaL Soctety (at Burlington House, Piccadilly, London, W.1), 
. 4.30 p.m.—Mr. G. M. Sisson: “‘The Research Activities of Grubb 
‘arsons”’, : 


INSTITUTE OF PHYSICS, INDUSTRIAL SPECTROSCOPY ow (at Y 


Belgrave Square, London, 8.W.1), at 5.30 p.m.—Prof. . 
Greaves, ERS. : “Astronomical Spectroscopy”. 


UNIVERSITY OF LONDON, BRITISH POSTGRADUATE MEDICAL FED- 
ERATION (at the London School of Hygiene and Tropical Medicine, 
Keppel Street, London, W.C.1), at 5.30 p.m.—Dr. T. 8. Work: ‘‘Pro- 
tein Biosynthesis”.* (From a series of lectures on “The Scientific 
Basis of Medioine”’.) 


Untverstry oF LONDON (in the Electrical Engineering Theatre, 

University College, Gower Street, London, W.C.1), at 5.30 p.m.—Dr. 

A. L. Cullen: “The Measurement of Microwave Power using Electro- 

echanical Forces”.* (Further lectures on February 17, 24 and 
rch 3.) 
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ROYAL AERONAUTICAL SooreTy (at Saunders-Roe Club House, 
Cowes, Isle of Wight), at 7 p.m.—Prof. A. D. Baxter: ‘Problems 
and Prospects of Rocket Propulsion for Aircraft’. 


Friday, February 11 


ROYAL ASTRONOMICAL SociETy (at Burlington House, Piccadilly, 
London, W.1), at 4.30 p.m.—Annual General Meeting. 

UNIVERSITY OF LONDON (at the London School of Economics and 
Political Science, Houghton Street, Aldwych, London, W.C.2), at 
5 p.m.—Prof. A. Bertrand (Ecole Nationale d’Administration, Paris) : 
“The Recruitment and Training of the Higher Civil Servants in the 
United Kingdom and in France—a Comparative Study”.* 

INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, 
Westminster, London, 8.W.1), at 5.30 p.m.—Mr. L. W. Bryant and 
Mr. C. F. Cowdrey: “Effects of Velocity and Temperature of Dis- 
charge on the Shape of Smoke Plumes from a Funnel or Chimney”. 


NortH EAST Coast INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
(in the Lecture Theatre of the Mining Institute, Neville Hall, Newcastle- 
spent 790), at 6.15 p.m.—Prof. J. A. Pope and Dr. J. Fitzgeorge : 
“Temperature Measurements on Marine Diesel Engine Pistons”. 

INSTITUTE OF PHYSICS, NON-DESTRUCTIVE TESTING GROUP (at 
47 Belgrave Square, London, 8.W.1), at 6.30 p.m.—Mr. 8S. Jefferson : 
“Industrial Applications of Radioactive Isotopes”’. 

BRITISH ASSOCIATION OF CHEMISTS, LONDON SECTION (at the 
Wellcome Institute, 183 Euston Road, London, N.W.1), at 7 p.m.— 
Mr. J Davies: ‘‘Work Study as Applied to the Chemical Plant 
Layout”. 

ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 
9 p.m.—Dr. A. B. Pippard: ‘“Superconductivity”. 


Saturday, February 12 


BRITISH PSYCHOLOGICAL SoclETY, NORTHERN BRaNcH (at the 
University, Leeds), at 2.30 p.m.—Symposium on “Communication”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

LECTURER IN HORTICULTURE—The Clerk of the Governors, Essex 
Institute of Agriculture, Writtle, Chelmsford, Essex (February 12). 

SENIOR ANALYTICAL CHEMIST (with a degree or equivalent quali- 
fication, and preferably with experience in water, sewage and trade 
waste analysis), and a JUNIOR ANALYTICAL CHEMIST (with a degree 
or equivalent qualification), in the Laboratories of the Pollution 
Prevention Department, Severn River Board—The Clerk, Severn 
River Board, Portland House, Church Street, Great Malvern, Worces- 
tershire (February 12). 

RESEARCH FELLOW (organic chemist with experience of research, 
preferably on natural products) IN THE DEPARTMENT OF CHEMISTRY, 
at the University College of the West Indies—The Secretary, Inter- 
University Ccuncil for Higher Education in the Colonies, 1 Gordon 
Square, London, W.C.1 (February 15). 

CHEMIST or PHysIcIsT, Experimental Officer grade (with at least 
H.8.C. (science) or equivalent, and preferably with some knowledge 
of electronic equipment), at a Ministry of Supply Research Establish- 
ment, near Bridgend, Glamorgan, for experimental work on the 
chemical and physical properties and the measurement of performance 
characteristics of pyrotechnic systems—The Ministry of Labour and 
Nationa] Service, Technical and Scientific Register (K), 26 King Street, 
London, S.W.1, quoting F.18/5A (February 19). t 

FakMS DIRECTOR AND LECTURER (with a degree or diploma in 
agriculture, together with practical farm management experience) 
IN FARM MANAGEMENT—The Principal, Royal Agricultural Ccllege, 
Cirencester (February 19). 

METALLURGIST (with a good honours degree in metallurgy or equiv- 
alent professional qualifications, a geod knowledge of physical metal- 
lurgy and of technology of engineering and constructional materials, 
including light alloys and/or special steels), at the Central Research 
Establishment, National Coal Board, Isleworth, Middlesex, to carry 
out research on metallurgical problems arising in mining operations— 
The National Coal Board, Establishments (Personnel), Hobart House, 
Grosvenor Place, London, 8.W.1, quoting TT/918 (February 19). 

Deputy DIRECTOR OF THE INSTITUTE OF EDUCATION—The S- 
trar, The University, Leeds 2 (February 21). 

PHYSICIST or MATHEMATICIAN (with a first- or second-class honours 
degree in physics or mathematics), at the Ministry of Supply Head- 
quarters, London, to investigate data reduction associated with ballistic 
instrumentation with a view to improving methods of presentation of 
results and to introducing methods of analysis applicable to automatic 

puting hin The Ministry of Labour and National Service, 
Technical and Scientific Register (K), 26 King Street, London, S.W.1, 
quoting A.7/5A (February 24). 

ENGINEER (with a good honours degree in mechanical engineering 
or equivalent professional qualifications, and preferably some ex- 
perience in research) at the Central Research Establishment, National 
Coal Board, Isleworth, Middlesex, to carry out research on under- 
ground transport of coal—The National Coal Board, Establishments 
(Personnel), Hobart House, Grosvenor Place, London, 8.W.1, quoting 
TT/922 (February 26). 

ECTURER Or ASSISTANT LECTURER IN SOCIOLOGY, and a DEMON- 
STRATOR IN PHARMACOLOGY—The Registrar, The University, Leeds 2 
(February 26). 

StaFF TUTOR IN SCIENCE (Physics) IN THE DEPARTMENT OF ADULT 
EpvucaTion—The Registrar and Secretary, The University, Bristol 8 
(February 26). 

LECTURER IN APPLIED MATHEMATICS—The Registrar, King’s 
College, Newcastle-upon-Tyne (February 28). 

LECTURER IN THE DEPARTMENT OF LOGIC AND METAPHYSICS—The 
Secretary, The University, Edinburgh (February 28). 
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LECTURER (with an honours degree in physiology and experience 
in teaching experimental physiology to honours students) IN THE 
DEPARTMENT OF PuHysIOLOGy—The Secretary, Bedford College, 
Regent’s Park, London, N.W.1 (February 28). 

READER IN EXPERIMENTAL PHYSICS at Queen Mary College—The 
Academic Registrar, University of London, Senate House, London, 
W.C.1 (March 3). 

CueEmIsT, Assistant Experimental Officer or Experimental Officer 
grade (with H.N.C. in chemistry or equivalent qualification, and good 
experience of modern methods of analysis), for the mineral analysis 
of plants—The Secretary, East Malling Research Station, near Maid- 
stone, Kent (March 5). Z 

CHAIR OF APPLIED SCIENCE, with special reference to engineering, 
tenable at the Imperial College of Science and T ology—The 
Academic ~ oe University of London, Senate House, London, 
W.C.1 (March 7 

(anne d or ——— LECTURER IN GEOGRAPHY at the University 
of Malaya, Singapore—The Secretary, Inter-University Council for 
Higher Education in the Colonies, 1 Gordon Square, London, W.C.1 
(March 15). 

SCIENTIFIC OFFICER (with a good honours degree in chemistry, 
biochemistry or botany, a sound knowledge of organic chemistry, and 
a keen interest in the living plant) IN THE BIOCHEMISTRY SECTION 
for research on the biochemistry and metabolism of the fruit tree— 
The Secretary, East Malling Research Station, near Maidstone, Kent 
(March 15). 

LECTURER Or SENIOR LECTURER (graduate in physics, extensive 
research experience of solid state physics and preferably of semi- 
conductors) I IN THE ag oF APPLIED PHysics—The Registrar, 
College of Tech Ma ter 1 (March 19). 

RESEARCH FELLOW ‘in ELECTRON PHyYsics—The Registrar, The 
University, Edgbaston, Birmingham (March 26). 

CHAIR OF CHEMICAL TECHNOLOGY—The Secretary, The University, 
Edinburgh (March 28). 

SCIENTIFIC OFFICER (with a good honours degree and a keen interest 
in field entomology, and preferably with research experience) IN THE 
ENTOMOLOGY SECTION for studies on Tortricids and leaf hoppers 
associated with tree and bush fruits—The Secretary, East Malling 
Research Station, near Maidstone, Kent — 15). 

L.C.I. RESEARCH FELLOWS IN CHEMISTRY YSICS and allied sub- 
jects—for example, PHARMACOLOGY, ENGINEERING and METALLURGY 
—tThe Registrar, The University, Manchester 13 (April 30). 

BIOCHEMICAL TECHNICIAN (preferably with experience of mano- 
metric techniques or in the isolation of natural products), and a 
TECHNICIAN IN THE PHYSICAL CHEMISTRY LABORATORY, for work 
particularly concerned with spectroscopic techniques—The Chester 
Beatty Research Institute (Institute of cer Research, Royal 
Cancer Hospital), Fulham Road, London, 8.W.3, quoting “Bio- 
chemistry” or “Spectrosco) 

ENGINEERS and PuHysicists (with a first- or second-class honours 
degree or equivalent in physics or engineering) IN THE INSTRUMENTA- 
TION SECTION, Royal Aircraft Establishment, Farnborough, Hants, 
for (a) research in techniques and instrumentation for the measure- 
ment and recording ry physical quantities arising from tests in air- 
craft and missiles ; and (b) research on electronic circuits and equipment 
for flight test, wind tunnel and allied aeronautical research purposes 
—The Ministry of Labour and National Service, Technical and Scien- 
tific Register (K), 26 King Street, London, 8S. Ww. 1, quoting A.13/5A. 

EXPERIMENTAL OFFICER (with H.S.C. (science) or equivalent, and 
a knowledge of physical chemistry, and preferably some metallurgical 
experience), at the Royal Aircraft Establishment, Farnborough, 
Hants, for research work on metal extraction processes—The Ministry 
of Labour and National Service, Technical and — Register (K), 
26 King Street, London, S.W.1, quoting F.19/5A 

HEADMASTER (graduate in science and experience of the organiza- 
tion and administration of technical schools, and appropriate teaching 
experience) of a Technical High School at Dacca, Pakistan—The 
Ministry of Labour and National Service, Almack House, 26-28 King 
Street, London, S.W.1, quoting A.12/PE. 74/53. 

PHYSICIST (with at least H.S.C. (science) or equivalent, and prefer- 
ably with experience in metallography or in the operation and servicing 
of electron microscopes) at a Ministry of Supply Research Establish- 
ment in South East London, to assist in work involving the application 
of microscope technique, including electron microscopy, to metallurg- 
ical and explosive properties—The Ministry of Labour and National 
Service, Technical — Scientific Register (K), 26 King Street, London, 
8.W.1, quoting A. 8/5A 

POSTGRADUATE STUDENTSHIPS IN (a) APPLIED GENETICS AND 
PLANT BREEDING, and (6) PLANT PHYSIOLOGY—The Secretary, Empire 
Cotton Growing Corporation, 12 Chantrey House, Eccleston Street, 
London, 8.W.1. 

RESEARCH ASSISTANT (with a first-class honours degree in metallurgy, 
are pend or chemistry) for fe | work on structure of alloys of 

igh melting point—Dr. W. Hume-Rothery, F.R.S., Inorganic Chem- 
istry Laboratory, South Parks Road, Oxford. 

RESEARCH FELLOW (organic chemist with experience of research, 
preferably on natural products) IN THE DEPARTMENT OF CHEMISTRY, 
University College of the West Indies—The ey | Inter- 
University Council for Higher Education in the Colonies, 1 Gordon 
Square, London, W. 

SCIENCE AND MATHEMATICS MASTER—The Headmaster, Gordons- 
toun School, Elgin, Morayshire. 
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G. Reduviidae. By N.C. E. Miller. 
351-414 + plates 18-21. (London: British Museum (Natural His' 
1954.) 15s. (30) 

Bulletin of the British Museum (Natural a Entomo 
Vol. 3, No. 8: Neue cre ng me one tera) on Hans Jol 
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Astronomical Papers prepared for the use of the American Ephen 
and Nautical Almanac. Vol. 13, Part 5: Perturbations of the 
Outer Planets by the Four Inner Ones. By G. M. Clemence. 
365-406. 70 cents. Vol. 15, Part 1: Theory of the Rotation of ¢ 
Earth Around Its Center of Mass. Edgar W. Woolard. Pp. 1 
1.50 dollars. Vol. 15, Part 2: The of Saturn and the Motes 
apuites Js 1884-1948. B . 167-216. 70 ce 
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Physikertagung Innsbruck: Hau tvortage von der Gemein 
Jahrestagung 1953 des Verbandes Deutscher Physikalischer Ge 
schaften und der Osterreichischen Physikalischen Gesellsch 
Herausgegeben von H. Auer, E. Briiche und R. Steinmaurer. 
iii+138. (Mosbach/Baden: Physik Verlag, 1954.) 19.20 
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